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Several years ago,! I gave evidence that atoms of tungsten, molyb- 

denum, or platinum vapors, striking a clean, dry glass surface in high 

vacuum, are condensed as solids at the first collision with the surface. 

Subsequently, similar evidence? was obtained in connection with a study 

of chemical reactions in gases at low pressures. It was concluded that 

in general, when gas molecules strike a surface, the majority of them 

“do not rebound from the surface by elastic collisions, but are held by 

cohesive forces until they evaporate from the surface.” In this way a 

theory of adsorption was developed* which has been thoroughly con- 

firmed by later experiments. It was stated: “The amount of material 

adsorbed depends on a kinetic equilibrium between the rate of con- 

densation and the rate of evaporation from the surface. Practically 

every molecule striking the surface condenses (independently of the 

temperature). The rate of evaporation depends on the temperature 

(van’t Hoff’s equation) and is proportional to the foaction of the sur- 

face covered by the adsorbed material.” 

R. W. Wood‘ described some remarkable experiments in which a 

stream of mercury atoms impinges upon a plate of glass held at a defi- 

nite temperature. With the plate cooled by liquid air, all the mercury 

atoms condense on the plate, but at room temperature all the atoms 

appear to be diffusely reflected. 
The whole question of the evaporation, condensation, and possible 

reflection of gas molecules has been discussed at some length in two 

recent papers®*. It was pointed out that, in Wood’s experiments, 

there are excellent reasons for believing that the mercury vapor actually 

condenses on the glass at room temperature, but evaporates so rapidly 
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that no visible deposit of mercury is formed. Further evidence of the 

absence of reflection is furnished by the operation of the ‘Condensa- 

tion Pump.” 

In a second paper, Wood? gives ani account of some still more striking 

experiments. A stream of cadmium atoms, striking the walls of a well 

exhausted glass bulb, does not form a visible deposit unless the glass is 

at a temperature below about —90°C. If, by cooling the bulb for a 

moment with liquid air, a deposit is started, this continues to grow in 

thickness even after it is warmed to room temperature. From these 
and similar observations, Wood concludes that: 

1. Cadmium atoms all condense on cadmium surfaces at any 

temperature. 

2. Cadmium atoms condense on glass only if it is at a temperature 

below about —90°C. At higher temperatures, nearly all the atoms 

are reflected. 

This viewpoint leads to no explanation of the changes in the reflec- 

tion coefficient. The results of Wood’s experiments may, however, be 

explained by the theory that all the atoms, striking either the glass or 

the cadmium surface, condense, and that subsequent evaporation ac- 
counts for the apparent reflection. 

Cadmium atoms on a glass surface are acted on by totally different 

forces from those holding cadmium atoms on a cadmium surface. When 

a thick deposit of cadmium which has been distilled onto glass in 

vacuum, is heated quickly above its melting-point, the molten cadmium 

gathers together into little drops on the surface of the glass. In other 
words, molten cadmium does not wet glass. Therefore cadmium atoms 

have a greater attractive force for each other than they have for glass. 

Thus, single cadmium atoms on a glass surface evaporate off at a lower 

temperature than that at which they evaporate from a cadmium sur- 

face. It is not unreasonable to assume that in Wood’s experiments, 

even at —90°C., the cadmium evaporated off of the glass as fast as it 

condensed upon it. 

This theory possesses the advantage that it automatically explains 

the apparent reflection of cadmium atoms from a glass surface at room 

temperature, and indicates why this effect should be absent at low tem- 

peratures. 

We shall see, moreover, that this condensation-evaporation theory 

explains many other facts incompatible with the reflection theory. 

Let us examine for a moment the essential differences between these 

two theories. Wood describes his remarkable experimental results, 
but he has not attempted to discuss the mechanism of the underlying 
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processes. It is clear that Wood uses the term ‘reflection’ merely to 

express the fact that under certain conditions no visible deposit is 

formed when the atoms strike a surface. From this point of view, con- 

densation followed by evaporation is the same as reflection. In consid- 

ering the possible mechanisms of the process, however, we must sharply 

distinguish between the two theories. 
When an atom strikes a surface and rebounds elastically from it, we 

are justified in speaking of this process as a reflection. Even if the col- 

lision is only partially elastic, we may still use this term. The idea that 
should be expressed in the word ‘reflection’ is that the atom leaves the 

surface by a process which is the direct result of the collision of the 

atom against the surface. 

On the other hand, according to the condensation-evaporation theory, 

there is no direct connection between the condensation and subsequent 

evaporation. The chance that a given atom on a surface will evaporate 
in a given time is not dependent on the length of time that has elapsed 

since the condensation of that atom. Atoms striking a surface have a 

certain average ‘life’ on the surface, depending on the temperature of 
the surface and the intensity of the forces holding the atom. Accord- 

ing to the ‘reflection’ theory, the life of an atom on the surface is sim- 

ply the duration of a collision, a time practically independent of tem- 

perature and of the magnitude of the surface forces. 

To determine definitely which of the two theories corresponds best 

with the facts, I have repeated Wood’s experiments under somewhat 

modified conditions. A small spherical bulb, together with an ap- 

pendix containing cocoanut charcoal, was heated to 600°C. for about 

four hours while being exhausted by a condensation pump. A liquid- 

air trap was placed between the pump and the bulb. Some cadmium 

was purified by distillation and was distilled into the bulb, which was 

then sealed off from the pump. The cadmium in the bulb was then all 

distilled into the lower hemisphere. By heating this lower half of the 

bulb to about 140°C., the upper half remained clear, but by applying 

a wad of cotton, wet with liquid air, to a portion of the upper hemi- 

sphere, a uniform deposit formed within less than a minute and con- 

tinued to grow, even after the liquid air was removed. 

When the liquid air was applied only long enough to start a deposit, 

it was found in the first experiments that the deposit did not grow 

uniformly, but became mottled, or showed concentric rings. The 

outer edges of the deposit were usually much darker than the central 

portions. By cooling the cocoanut charcoal in liquid air, this effect 

disappeared entirely and the cadmium deposits became remarkably 
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uniform in density. It is thus evident that traces of residual gas may 

prevent the growth of the deposit, particularly in those places which 

have been the most effectively cooled. This is probably due to the ad- 

sorption of the gas by the cooled metal deposit. This gas is appar- 
ently retained by the metal, even after it has warmed up to room tem- 

perature, so that vapor condensing on the surface evaporates off again 

at room temperature. 

These results indicate how enormously sensitive such metal films are 

to the presence of gas. However, by using liquid air and charcoal con- 

tinually during the experiments, most of these complicating factors 

were eliminated. 

If all the cadmium is distilled to the lower half of the bulb and this 

is then heated to 220° in an oil bath while the upper half is at room tem- 

perature, a fog-like deposit is formed on the upper part of the bulb in 

about fifteen seconds. This deposit is very different from that ob- 

tained by cooling the bulb in liquid air. Microscopic examination 

shows that it consists of myriads of small crystals. According to the 

condensation-evaporation theory, the formation of this fog is readily 

understood. Each atom of cadmium, striking the glass at room tem- 

perature, remains on the surface for a certain length of time before evap- 

orating off. If the pressure is very low, the chance is small that another 

atom will be deposited, adjacent to the first, before this has had time to 

evaporate. But at higher pressures this frequently happens. Now 

if two atoms are placed side by side on a surface of glass, a larger 

amount of work must be done to evaporate one of these atoms than if 

the atoms were not in contact. Not only does the attractive force 
between the cadmium atom and the glass have to be overcome, but also 

that between the two cadmium atoms. Therefore the rate of evapo- 

ration of atoms from pairs will be much less than that of single atoms. 

Groups of three and four atoms will be still more stable. Groups of 

two, three, four, etc., atoms will thus serve as nuclei on which crystals 

can grow. The tendency to form groups of two atoms increases with 

the square of the pressure, while groups of three form at a rate propor- 

tional to the cube of the pressure. Therefore the tendency for a foggy 

deposit to be formed increases rapidly as the pressure is raised or the 

temperature of the condensing surface is lowered. 

On the other hand, according to the reflection theory, there seems 
to be no satisfactory way of explaining why the foggy deposit should 

form under these conditions. 
Experiments show clearly that when a beam of cadmium vapor at 

very low pressure strikes a given glass surface at room temperature, 
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no foggy deposit is formed, although when the same quantity of cad- 

mium is made to impinge against the surface in a shorter time (and 

therefore at higher pressure) a foggy deposit results. This fact con- 

stitutes strong proof of the condensation-evaporation theory. 
A deposit of cadmium of extraordinary small thickness will serve as 

a nucleus for the condensation of more cadmium at room temperature. 

Let all the cadmium be distilled to the lower half of the bulb. Now 

heat the lower half to 60°C. Apply a wad of cotton, wet with liquid 

air, to a portion of the upper half for one minute, and then allow the 

bulb to warm up to room temperature. Now heat the lower half of 

the bulb to 170°C. In about thirty seconds a deposit of cadmium 
appears which rapidly grows to a silver-like mirror. This deposit only 

occurs where the bulb was previously cooled by liquid air. 

The question arises: how much cadmium could have condensed on 
the bulb in one minute while the lower part of the bulb was at 60°C.? 

The vapor pressure of cadmium has been determined by Barus? 

between the temperatures 549° and 770°C. If the logarithms of the 
pressures are plotted against the reciprocals of the temperature, a 

straight line is obtained from which the following equation for the vapor 

pressure (in bars) is obtained as a function of absolute temperature 

log p = 11.77 - (1) 

At 60°C. the vapor pressure of cadmium is of the order of magnitude 
of 4 x 10-7 bars. Now the number of molecules of gas which strike 

a square centimeter of surface per second is 

n = 2.65 X 10° p/x/MT (2) 

Substituting M = 112, T = 333°, and p = 4 X 10-’, we find that 

with saturated cadmium vapor at 60°C., m = 5 x 10" atoms per sec- 

ond per square centimeter. 
The maximum number of atoms of cadmium which can condense in 

one minute on a spot cooled in liquid air when the lower part of the bulb 

is at 60°C. is therefore 3.0 x 10” atoms per square centimeter. The 

diameter of a cadmium atom is approximately 3.1 X 10-® cm., so that 

it would require 1.0 X 10% atoms to cover 1 square centimeter with a 

single layer of atoms. 

Therefore the deposit which forms in one minute with the vapor from 

cadmium at 60°, contains only enough cadmium atoms to cover 3/1000 

of the surface of the glass. Yet this deposit serves as an effective nu- 

cleus for the formation of a visible deposit. 

If the lower part of the bulb is heated to 78° instead of 60°, the 
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nucleus formed by applying liquid air for one minute causes a visible de- 
posit to grow more rapidly (with the lower part of the bulb at 170°). 

But the nucleus obtained with temperatures above about 78° are not 

any more effective than those formed at 78°. 
A calculation similar to that above shows that the deposit formed in 

one minute at 78° contains 2.5 < 10" atoms per square centimeter, or 

enough to cover 25/1000 of the surface. If we consider that the surface 

of the glass contains elementary spaces each capable of holding one 

cadmium atom, the chance that any given cadmium atom will be ad- 

jacent to another is 1 —(1 — 0.025)’, or 0.16. When the surface is 
allowed to warm up, the single atoms evaporate, but the pairs remain. 

The surface is then covered to the extent of 16% of 25/1000, or 4/1000. 

About 2% of the atoms striking such a surface will fall in positions 

adjacent to those atoms already on the surface. With cadmium vapor 

at 170°, 1.4 x 10" atoms per square centimeter strike the surface 

each second, so that 2.8 X 10% would condense in the first second 

around the 4 X 10” atoms remaining on the surface. Thus in only a 

few seconds the whole surface becomes covered with a layer of cadmium 
atoms. This explains why a surface only partially covered with cad- 

mium atoms can serve so effectively as a nucleus. If a much smaller 

fraction than 0.025 of the surface is covered, however, there is a long 

delay in completing the first layer of atoms, so that the visible deposit 
is formed much more slowly. 

The above experiments prove that the range of atomic forces is very 

small and that they act only between atoms practically in contact with 

each other. Thus a surface covered by a single layer of cadmium 

atoms behaves, as far as condensation and evaporation are concerned, 
like a surface of massive cadmium. This absence of transition layer 

is in accord with my theory of heterogeneous reactions.’ 

One of the best proofs of the correctness of the condensation-evap- 

oration theory was obtained in experiments in which nuclei formed at 

liquid air temperature, were not allowed to warm up to room tem- 

perature, but only to —40°C. In this case the nuclei were formed in 

one minute from cadmium vapor at 54°C. The nuclei which were 
kept at —40°C. developed rapidly into cadmium mirrors in cadmium 

vapor at 170°, while those at room temperature developed extremely 
slowly. A still more striking demonstration of the theory was ob- 

tained when one of the nuclei was allowed to warm up to room tem- 

perature and then cooled to —40° before exposure to cadmium vapor 

at 170°. This nucleus did not develop nearly as rapidly as that which 

had not been allowed to warm up to room temperature. 
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These experiments prove that single cadmium atoms actually evap- 
orate off of a glass surface at temperatures below room temperature, 

although they do not do so at an appreciable rate from a cadmium 

surface. 
This theory affords a very satisfactory explanation of Moser’s breath 

figures on glass and the peculiar effects observed in the formation of 

frost crystals on window panes. In fact, the theory appears capable 

of extension to the whole subject of nucleus formation, including, for 

example, the crystallization of supercooled liquids. 
The final paper will be submitted to the Physical Review for 

publication. 
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THE NINTH SATELLITE OF JUPITER 

By Seth B. Nicholson 

MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 

Communicated by G. E. Hale, January 18, 1917 

The Ninth Satellite of Jupiter, whose discovery was announced in 

these PRocEEDINGS, 1, 1915, (12), was rediscovered at the Lick Observa- 

tory during the 1915 opposition and the observations secured then were 

forwarded to me before publication. On the basis of these positions the 
preliminary orbit,’ derived from observations in 1914 at the time of 

discovery, was approximately corrected so that the satellite could be 

more easily located at the 1916 opposition. Four images of it have 

been found on plates taken here by Mr. Shapley with the 60-inch re- 
flector. Although the computed position was in error by about 2’ 

there can be no doubt as to the identification of the object. 

Observations are now available for three oppositions and the orbit 

is being corrected to satisfy them. Although the final elements will 

differ considerably from those now available, our present knowledge of 
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the satellite’s motion is sufficient to give a fair idea of the principal 

characteristics of the orbit. These are best exhibited by the accom- 

panying diagram which shows the orbit projected on a plane (inclined 

to the ecliptic at an angle of 24°) from which it does not deviate greatly 
during 1914 and 1915. At the end of 1916, however, the satellite as seen 

from Jupiter was about 4° from this plane. The dotted line in the dia- 

gram shows the intersection of the projection plane with the plane of the 

oO. 02 
SCALE IN ASTRONOMICAL UNITS 

ORBITS OF JUPITER’S EIGHTH AND NINTH SATELLITES 

ecliptic. The feathered arrow points in the direction of the vernal equi- 

nox. Since the motion of the satellite is retrograde, the corresponding 

values are for i and Q are 156° and 310°, respectively. For comparison, 

the orbit of the Eighth Satellite from the investigation by A. C. D. Crom- 

melin’is also shown, projected on the same plane as the orbit of the Ninth 

Satellite. The angle between the two orbit planes is about 10°. The 

points where the satellites pass above and below the plane of projection 

are designated by the letter P. The small circles indicate the positions of 
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both satellites at the times of Jupiter’s opposition in 1914 and 1915 and 

of the Ninth Satellite in 1916. The corresponding directions of the earth 

are shown by the arrows, and the relative positions of the earth and the 

two satellites explain how in 1914 the new satellite was found on the 

same plate as the Eighth. The orbits of the Sixth and Seventh Satel- 

lites, which are also shown in the figure, are drawn to scale but have 
not been projected into the plane of the figure. 

The perturbations produced by the sun are very large for both satel- 

lites on account of their great distance from the primary. The orbits, 

therefore, are not even approximate ellipses; their points of greatest 
and least distance from Jupiter are indicated. It is of course impos- 

sible from the data now available to say much about the mean ele- 
ments of the Ninth Satellite, but the mean period is likely not far from 

745 days. The eccentricity appears to be a little less than that of the 

Eighth Satellite. 

The magnitude of the Ninth Satellite was found by Mr. Shapley 

to be 18.3 on October 18 and 19, 1916,3 which corresponds to 18.6 at 

mean opposition. With reasonable assumptions for the albedo and 

color index, this would indicate a diameter of about 15 miles. As seen 

from Jupiter the satellite at full phase would be between the 11th and 

12th magnitudes, depending on its distance from the planet. 

1Nicholson, S. B. Berkley, Lick Obs. Univ. Cal. Bull., No. 272, 1915. 

2Crommelin, A. C. D., London, Mon. Not. R. Astr. Soc., 71, 1910, (50-62). 
*Nicholson, S. B., and Shapley, H., Pub. Asir. Soc. Pac., San Francisco, 28, 1916, 

(281-282). 

AORTIC CELL CLUSTERS IN VERTEBRATE EMBRYOS 

By H. E. Jordan 

DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 

Communicated by A. G. Mayer, December 1, 1916 

Aortic cell clusters in mammals were first described by Maximow! 

(p. 517) in rabbit embryos. Minot? (p. 523) subsequently described 
similar structures in human embryos of from 8 to 10 mm. length and 

in rabbit embryos. Emmel* reported aortic cell clusters in rat em- 

bryos, rabbit embryos, and in pig embryos of from 6 to 15 mm. 

Jordan‘ discovered these clusters in pig embryos (10 to 12 mm.) at 
about this same time, and reported their presence also in mongoose 

and turtle embryos. Emmel® later published a detailed description of 

the aortic clusters of the pig embryo. Meanwhile I had observed 
them also in chick embryos of 3 to 4 days’ incubation. Dantschakoff* 
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had already reported similar structures in the chick. Aortic cell 

clusters would seem to be a common feature of certain early stages 
of vertebrate development. 

All of the above-named investigators agree in interpreting the con- 

stituent cells of the clusters as hemoblasts, variously designated as 

‘lymphocytes,’ ‘mesameboids,’ progenitors of macrophages ? hemo- 

blasts. Minot? alone disagrees with the otherwise unanimous con- 

clusion that they represent endothelial differentiation products. That 

they are endothelial derivatives, however, rather than accretion 

products of hemoblasts from the circulating embryonic blood is easy of 

demonstration. Aortic cell clusters represent one phase of the general 
hemogenic capacity of embryonic endothelium. 

The doctrine of the partial endothelial origin of hemoblasts from 

embryonic endothelium has become associated with the monophyletic 

hypothesis of blood cell origin (Maximow)! that of the non-hemogenic 

capacity of endothelium with the polyphyletic and diphyletic hypotheses 

(Stockard).7 The question of the genetic relationship between endo- 

thelium and certain cellular elements of the embryonic blood touches 
also the ‘angioblast’ theory of His. The two chief tenets of this theory 

are : (1) the inability of intraembryonic mesenchyme to produce blood 

vascular tissue, and (2) the incapacity of endothelium to differentiate 

into blood cells. Abandonment of the first tenet has been forced 

largely through the experimental work of Hahn,® of Miller and 

McWhorter,® of Reagan,” and of Stockard;?7. and the morphologic 

studies of Schulte" on the cat embryo, those of McClure” on the 

trout embryo, and the studies of Huntington!* on the development 
of the lymphatics in amniotes. The surrender of this portion of the 

original theory is gradually being made by some of its staunchest advo- 

cates (vide Sabin"). The disproof of the second tenet is the chief burden 

of this investigation. 

The material studied includes three mongoose embryos of 5, 6, and 

7 mm. respectively, a series of pig embryos of from 8 to 12 mm., chick 

embryos of the third and fourth day of incubation, and a series of twenty 

loggerhead turtle embryos ranging from the second to the thirty-second 

day of incubation.'* These embryos are variously preserved and stained, 

the several methods including fixation with Helly’s fluid and staining 

with Giemsa’s solution. ; 
This description confines itself almost exclusively to the 5 mm. mon- 

goose embryo and the 12 day turtle embryo. This selected material 

is at just the proper stage of development to furnish the key for the cor- 

rect interpretation of the larger aortic clusters of the 10 mm. pig embryos. 
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The study was approached by way of the yolk sac of the mongoose 

embryo. The endothelial origin of hemoblasts can here be readily 
demonstrated. These observations on the mongoose yolk-sac confirm 

my'* previous findings regarding the hemogenic réle of yolk-sac endo- 

thelium in the 10 mm. pig embryo. 

The second step involved a search for similar intraembryonic phenom- 

ena. It seemed reasonable to expect that, since the yolk-sac mesen- 

chyme could differentiate directly into blood cells and into endothelium, 

and since the endothelium could subsequently transform into blood cells 
then the same order of events should probably follow also in the intra- 
embryonic mesenchyme; and further, since mesenchyme is the funda- 

mental hemogenic tissue, and since both endothelium and mesothelium 

in the embryo are only slightly modified mesenchyme (chiefly by means 
of the mechanical factor of pressure—vide Huntington," p. 265), 

then embryonic mesothelium and endothelium should both in the only 

slightly differentiated condition be capable of producing cellular blood 

elements (hemoblasts). 

That mesothelium can differentiate into vascular tissue has been 

shown by Bremer” in the case of the body stalk of a 1 mm. human em- 

bryo. Examination of the intraembryonic endothelium in the pig 

and mongoose revealed, in the smaller pericerebral blood channels, an 

occasional endothelial cell rounding up and taking on hemoblast 

features and finally separating from the endothelial wall; and led to the 

discovery and detailed study of the aortic clusters of hemoblasts, with 

the origin and significance of which this paper is largely concerned. 

Moreover, investigation of the pericardial mesothelium disclosed very 

similar clusters, both attached to the viscera] and the parietal peri- 

cardium, and lying free within the pericardial cavity. Emmel!* has 

recently described comparable structures in the 12 mm. pig embryo. 

Occasional individual cells can also be seen in process of separation 

from the visceral pericardium in the mongoose embryo. 

The suggestion has been made that what is interpreted as a hemo- 

blast in the act of differentiation and separation from the endothelium, 

is simply an endothelial cell in preparation for division. Many divid- 

ing endothelial cells from the pericerebral mesenchyme were observed 

with this suggestion in mind. But no endothelial cell, even at metaphase 

of mitosis, appeared rounded up in the same fashion as the differen- 

tiating hemoblast, nor to the same degree; at most it was merely a stout 
fusiform body, without the distinct unilateral bulge equatorially which 

is characteristic of the hemoblast during the later stages of its sep- 

aration from the endothelium. Moreover, the nucleus of even the 
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stoutest endothelial hemoblast at this stage is in the typical resting 

condition. 

As regards the aortic cell clusters, the 5 mm. mongoose embryo shows 

admirably various early stages in -their origin and development, and 

so furnishes the key to the interpretation of the later products. And 

the 12 day loggerhead turtle embryo shows besides, the peculiar intra- 

vascular encapsulated cell clusters, and the endothelial strands, recently 

noted also for a 12 mm. pig embryo by Emmel' in a footnote to his 

paper (p. 407) on aortic cell clusters in mammals; and the conditions 

in this respect also are such as appear to solve the mystery of their 

genetic significance. 

The aortic cell clusters in the mongoose embryo of from 5 to 7 mm. 

range from such as are composed of only a single cell to those composed 

of a score or more. Single cells or groups of two or three can be seen 

separating from the endothelium at any point, even along the mid- 

dorsal line. Larger groups are found only in the ventral and ventro- 

lateral portions, frequently in more or less close relation to the mouths 

of the lateral mesonephric branches or the ventral intestinal rami. This 

proliferative activity of the aortic endothelium is present only in the 

abdominal portion of the aorta, approximately coextensive with the 
mesonephroi. Single endothelial cells may round up and take on 

hemoblast features and separate from the wall in exactly the same 

manner as that by which the hemoblasts are derived from the endothe- 

lium of the yolk-sac vessels and in the pericerebral vascular channels. 
The process is the same in the yolk sac and the embryo, and indicates 
a common hemogenic capacity of embryonic endothelium. 

The mongoose material shows also the initial stages in the formation 

of the larger cell clusters. Throughout the ventral half of the abdominal 

aorta, the endothelium at certain points appears to buckle into the 

lumen. This invaginated area may be more or less extensive, and 

may include a considerable portion or none of the subjacent mesen- 

chyme. The cause of the buckling remains obscure, though the sug- 

gestion lies close to hand that it may be related to the caudal shifting 

of the embryonic representatives of the celiac, superior mesenteric and 

inferior mesenteric arteries; a process dependent in part at least upon 

the presence of a less rigid and less differentiated endothelium ventrally, 

permitting ‘thus of an inequality of growth as between the ventral and 

dorsal walls or allowing for the formation of successively lower connect- 

ing vascular segments for the migrating definitive stems. 

The endothelium seems to be lacking centrally underneath the cell 

clusters. This is explained by the fact that the larger clusters arise by 
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an invagination of the endothelium over an area of some extent rather 

than by process of proliferation of one or several differentiating endo- 

thelial cells. Proximally the clusters show transition stages between 

endothelial cells and hemoblasts (laterally) and between mesenchymal 

cells and hemoblasts (centrally). The subjacent mesenchyme of the 

larger clusters may become thickened, sometimes assuming the features 

of a stratified endothelium, and the nuclei are relatively much more 

abundant, smaller, and less differentiated. In the larger clusters, the 

peripheral cells, some of which show early erythroblast features, begin 

to separate from the central group. Within the clusters some of the 

cells are in mitosis, while the nuclei of others may appear at some phase 
of amitotic division; and an occasional cell may show phagocytic proper- 

ties. Sometimes the core of the cluster shows transition stages between 

the endothelium or mesenchyme and hemoblasts. Many of the nuclei 

subjacent to the cluster appear at some phase of amitotic division. 

The absence of mitotic figures in the subjacent endothelium constituted 

the strongest of the three objections made by Minot? against 

the interpretation of the aortic clusters as endothelial derivatives. 

It would seem that the method of proliferation is here largely amitotic. 

The aortic cell clusters of the mongoose embryo originate from the 

cells of an invaginated area of endothelium; they enlarge by intrinsic 

‘growth and differentiation, not by accretions from the circulating 

blood. Similar clusters appear also in the superior mesenteric artery. 

In a 10 mm. pig embryo a large aortic cluster, 130 microns in diameter, 

appears near the mouth of the superior mesenteric artery and consists 

of a hundred or more cells. Clusters appear also along the greater 

length of this definitive aortic stem. 
In the 12 day loggerhead turtle embryo, encapsulated clusters and 

extensive strings of hemoblasts attached to the endothelium appear in 

the inferior vena cava, near the point of fusion of the original paired 
subcardinal veins; and in the jugular veins. The endothelial strands, 

some of the cells of which bear hemoblast features, are most probably 

only another aspect of the general hemogenic capacity of young endo- 

thelium. Emmel® saw similar strands in the proximal portion of 

the left umbilical artery, and in the aorta of this level, in two 12 mm. 

pig embryos, and suggests that they may be related to the fusion of the 
two original dorsal aortae. In the case of the development of the in- 

ferior vena cava, the coincident fusion between the originally separate 

post—and sub-cardinal veins involves the formation of young, less dif- 

ferentiated, endothelium and so offers a favorable site for hemoblast 

production by endothelium. 
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The encapsulated cluster present in this same region of the inferior 

vena cava may be explained as follows: Subjacent to such clusters the 
mesenchyma appears to be differentiating into hemoblasts; this ob- 

servation may give the clue to the correct interpretation of these clusters. 

If the invaginating area of endothelium included a considerable por- 

tion of such differentiating (vascularising) mesenchyme, then the periph- 

eral cells might possibly be so far outstripped in the expression of 

their hemogenic potentiality as to be forced, perhaps principally by 

reason of internal pressure from the differentiating and proliferating 

cells, to continue development along the line already begun, namely 
into definitive endothelium. 

The whole series of phenomena above described seems to me to signify 

only various aspects of the same process, the hemogenic activity of 

embryonic endothelium. Though perhaps not essential, it appears 

nevertheless to be a normal process, consequent to the inherent capacity 

of endothelium to produce hemoblasts. 

Emmel*.'8 interprets the endothelial and mesothelial desquamation 

products, both cells and clusters, in terms of the stimulative effect 
of a pathologic factor upon the endothelium; a toxin whose source 

is in the degenerating cells of atrophying redundant ventral aortic 

rami, and in degenerating erythrocytes in the serous cavities in the case 
of the mesothelia. 

That atrophying vascular stems are present at this stage, both in 

relation to the aorta, and the inferior vena cava, cannot be disputed. 

In the 7 mm. mongoose embryo the solid regressive ventral aortic stems 

are especially conspicuous. At least a portion of the caudal shifting 

of the three large aortic rami is due to a progressive atrophy of upper 

portions of a connecting net of vessels. But coincident with this phase 
of a regressive development among the upper roots, there may possibly 

be a new formation of lower roots. I incline to see the cause of cluster 

formation in the latter possibility rather than in the former fact. 

Great stress is laid by Emmel upon the structure of the atrophying 

rami. Some of these are occluded by intravascular collections of hemo- 

blast-like cells, both in the 10 mm. pig embryo and in the 7 mm, mon- 

goose embryo. With these intra-arterial cell masses some of the aortic 

clusters are intimately related. Emmel ascribes the presence of this 
intra-arterial mass to the stimulative action of a dilute toxin, presum- 

ably liberated by the regressive aortic branches. This explanation is 

suggested by an alleged comparable pathologic process where endothe- 

lium is believed by certain pathologists (e.g., Mallory) to be stimulated 

to the formation of ‘endothelial leukocytes’ (‘large mononuclear leuko- 
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cytes’) by dilute toxins such as are produced by typhoid and tubercle 

bacilli. A more likely interpretation, it seems to me, would attribute 

the presence of the intra-arterial cell mass of the smaller rami to the 
relatively slightly differentiated character of the endothelium. The oc- 

clusion of the rami and the degeneration (karyorrhexis) of the cells would 
thus be a secondary effect of the constriction of the regressive atrophy- 

ing vessels. In other words, the intra-arterial cell mass is not the result 

of the action of a toxin; but the occlusion and degeneration (and the 

possible formation of a ‘toxic’ substance) are all the related common 

sequalae of the shrinking of the atrophying vessel around a previously 
present, normally produced, mass of hemoblasts. 

But the most damaging countervailing evidence to the interpretation 

of endothelial cell-cluster derivatives as the result of a stimulative toxin, 

consists in the fact that in the definitive superior mesenteric artery of 

the 10 mm. pig embryo numerous cell clusters appear, even in .the mid- 

dle third of the vessel which is a level that could not be directly affected 

by a possibly later further caudal migration of this artery through 

atrophy of its present connecting aortic root; and which shows not the 

slightest indication of atrophy or degeneration, either of the vessel wall 

or the included blood cells, other than the presence only of hemoblast 

clusters. 

In all the forms studied (pig, mongoose, chick, turtle) the superior 
mesenteric artery also contains both clusters and individual cells in 

process of differentiation into hemoblasts. Moreover, not all the ventral 

rami which ultimately disappear contain clusters or intra-arterial cell 

masses; and occasional clusters are relatively far removed from the 
mouths of any aortic branches. 

If some toxin were correctly held responsible for the endothelial 

activity in the formation of isolated and aggregated hemoblasts, it 
becomes very difficult to explain its localized effect. The same ob- 

jection holds regarding the clusters in the superior mesenteric (vitelline) 
artery. If the source of the toxic substance is here supposed to be de- 

generating cells of the yolk sac, its influence should be felt far beyond 
this vessel itself, or the ventral portion of only the abdominal segment 

of the dorsal aorta. A certain amount of cell disintegration no doubt 

occurs over wide areas of embryonic vascularised tissue, and numerous 

primitive venous channels also disappear; but, though extensively 

studied by various investigators, no cell clusters have been reported 

except in the ventral portion of the dorsal aorta (and in this paper, in 

the inferior vena cava near the point of fusion of the subcardinal veins), 

levels where a less differentiated endothelium is present as well as re- 
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gressive vascular channels. Furthermore, no atrophy of vessels nor 

any uncommonly extensive disintegration of erythrocytes have appeared 

in the yolk sac at these early stages (7 mm. in mongoose embryo; 10 

mm. pig embryo) and yet the endothelial derivation of hemoblasts is 

very active. 

It may be emphasized that as regards. the endothelial origin and the 

composition of the aortic cell clusters, and as regards the mesothelial 
origin of cellular elements of the serous fluids, Emmel and I are in es- 

sential agreement. But Emmel views these structures as the result 

of the presence of a stimulating toxin; I see in them only the expression 

of a normal inherent capacity of embryonic endothelium to produce 

blood cells. The explanation of the limited distribution of the clusters 

is to be found in a relationship to young or newly formed, only slightly 
differentiated, endothelium; rather than in a connection with regressive 

blood vessels and an associated toxic substance. 

All the facts seem to fit better the hypothesis that the hemogenic 

activity of embryonic endothelium is a normal function at a certain 

stage of embryonic development, than that the causative stimulus is a 

toxin derived from degenerating vascular tissues. 

1 Maximow, A., Arch. mikr. Anat., Bonn, '73, 1909, (444-561). 

2 Minot, C., Keibel, and Mall, Human Embryology, Philadelphia, 2, 1912, (498-534). 
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RHEOTROPISM OF EPINEPHELUS STRIATUS BLOCH 

By Hovey Jordan 

BERMUDA BIOLOGICAL STATION FOR RESEARCH, AGAR’S ISLAND, BERMUDA! 

Communicated by E. L. Mark and read before the Academy, November 14, 1916 

An unusual, but orderly, arrangement displayed by several groupers 
or hamlets (a marine fish, Epinephelus striatus Bloch), confined in a 

cage through which flowed a current of fresh seawater, called my atten- 

tion to their peculiar rheotropism. The tails of all were directed into 

the current. When this was shut off their arrangement became pro- 

miscuous, indicating that their novel posterior orientation was a true 

rheotropic response. 

This phenomenon led me to investigate in detail the behavior of these 

fishes both in groups and individually, in order to determine whether 

this posterior orientation to a current—which, so far as I have been 

able to learn, is undescribed—is a normal response of the grouper. 

For this purpose a number of fishes were placed in the cage and a record 

was made of the positions which they assumed at two-minute intervals. 

These observations were made both at night and during different parts 
of the day. In one record, which is fairly typical, the positions of each 

of 7 fishes at 30 successive intervals—in all 210 observations—were 

noted. Of the 210 observations 141 showed the fishes to be tail into 

the current (posterior orientation), 67 side to the current (lateral orien- 

tation), and only 2 head into the current (anterior orientation). In 

order to determine whether posterior and lateral positions indicate dif- 

ferent responses by individual fishes, or are simply phases of one reac- 
tion, fishes were studied singly. For this I used a small aquarium 

(30 X 20 inches) across which a moderate current of water flowed diag- 
onally. Each of the fishes tested remained most of the time near the 

inlet in the region of the strongest current. It assumed in succession 

slightly different positions, chiefly by rotating the long axis of the 

bedy through an arc of 90° to 180° around its own center, which pre- 

served a comparatively fixed position in the axis of the current, so that 

either one side of the body or the tail was at any given instant directed 
toward the current, into which, however, the head was never pointed. 

After assuming approximately a dozen such temporary positions, 
which required about three or four minutes, the grouper tailed directly 

into the current and remained in this position for about three minutes. 

It then began a second series of changes similar to the first. In this 

sequence of positions it is perhaps most natural to regard as a single 
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period the time occupied from the beginning of one set of ‘swinging 

motions’ to the beginning of the next; thus the posterior orientation, 

which is of longest duration, is the last phase of the orienting process. 

A characteristic reaction, then, of Epinephelus striatus is posterior or 

lateral orientation to a current. Since in a majority of cases the orien- 

tation is posterior, and since this is maintained longer than any other 

position, it is a fair inference that this is the significant reaction. 

Various regions of the body were explored with a localized current 

(1/28 liter per second) directed through a long glass tube, the experi- 

menter being invisible to the fish. The following areas were found to 

be sensitive, but the response varied in promptness. Stimulation of 

the lips (if prolonged it causes a relatively violent reaction) brought 

forth a response in 7 seconds; the caudal fin in 16 seconds; the dorsal 

fin in 22, the cheek and operculum in 25, and the side of the body in 30 

seconds. From these observations it is clear that the lip region is much 

the most sensitive part of the surface of the body, and the possibility 
is at once suggested that the posterior orientation of the fish is a reac- 

tion which serves to protect this region from the action of the current. 

This seems the more probable from the fact that prolonged stimulation 

of this region by the current employed in the experiment always caused 

a rather extraordinary and violent reaction. 

Several end organs have, at one time or another, been regarded as 

the receptors in the case of rheotropic responses: lateral-line organs® 

(Schulze, ’70); the organs concerned in response to pressure’ (Ver- 

worn, ’97, p. 445ff., barotaxis), and the ear® (Tullberg, ’03). 
Two other views have been advocated, first, that it is the tactile cor- 

puscles which are stimulated by currents* (Parker, ’03a, ’03b); second- 

ly, that it is chiefly the eyes which are stimulated, this being due to the 

transportation of the fish through the water. According to this view? 

(Lyon, ’04), rheotropic reactions are chiefly optic reflexes, which serve 

to compensate the apparent motion of the visual field. This is an in- 

direct effect, a direct stimulation being produced only when the fish 

is in contact with some part of the solid environment. This, in the case 

of blind fishes, Lyon thinks acquaints the animal with its transporta- 

tion and a compensatory swimming results. 

In studying the question of rheotropic end organs, observations—to 

- be described elsewhere—were made which confirm the idea that sense 

cells of pressure and equilibration are unaffected by water currents. 

The lateral-line organs and the eyes, which can be rendered function- 

less by appropriate operations, are also unaffected. The skin was 

next removed from certain body areas and the underlying tissue was 
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found to be insensitive to localized currents. This indicates that the 

rheotropic end organs are cutaneous; of these only the tactile corpuscles 
were found to be of significance. This is shown by the following 

experiments. Under normal conditions stimulation of the lips by 

a glass rod produces a very violent negative reaction, and so, too, does © 

a current of water of the sort just described. The lips of a normal fish 

were anaesthetized by the application of a 0.1% solution of cocaine. As 

a result the reaction (and assumably the sensitivity) to tactile stimulus 

disappeared completely, and also the reaction to the water current. Not. 

only that, but also the parallelism between the effects of the two sorts 

of stimuli at any instant, both during the gradual benumbing of the 

lips by the reagent and during their progressive recovery from insen- 

sitivity, seemed to be complete. These facts indicate that the end or- 

gans of tactile sensitivity serve also as the essential and organs of rheo- 

tropic sensitivity. Other sensory cells, while they may in some cases 

be affected by currents, apparently play no necessary part in the re- 

action here described. 

1 Contributions from the Bermuda Biological Station for Research, No. 56. 

2Lyon, E. P., Amer. J. Physiol., Boston, 12, 1904, (149-161). 
3 Parker, G. H., Washington, D. C., Bull. U. S. Fish. Com. for 1902, 1903, (45-64). 

‘ Parker, G. H., Amer. Nat., Boston, 37, 1903, (185-204). 

5 Schulze, F. E., Arch. mikr. Anat., Bonn, 6, 1870, (62-88), Taf. 4-6. 

® Tullberg, T., Vet.-Ak. Bih., Stockholm, 28, 1903, (No. 15, 25 pp.). 

7 Verworn, Allgemeine Physiologie, 2te Aufl., 1897, (xi + 606). 

STUDIES OF THE GENUS PHYTOPHTHORA 

By J. Rosenbaum 

BUREAU OF PLANT INDUSTRY, WASHINGTON, D. C 

Communicated by R. Pearl, January 10, 1917 

Although the actual number of species of Phytophthora is small, 

geographically they are very widespread, their presence having been 

recorded from the tropics as well as the temperate regions. 

The morphological similarities between the different species, together 

with the great variation in the same species make the identification and 

separations of the species belonging to this genus exceedingly difficult. 

With a view to remedying this situation and determining characters of 

diagnostic value, nine out of the eleven described species were collected, 

grown in pure culture on artificial media, and studies made from a sys- 

tematic and biometrical standpoint. It was not possible to procure 

material of P. thaliciri and P. colocasiae. The following is a list of the 

cultures used: 
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P. infestans, P. arecae, 

P. cactorum, P. parasitica, 

P. phaseoli, P. faberi, 

P. nicotianae, P. jatrophae, 

P. syringae, P. fagi, given as a synonym of 

P. cactorum in Saccardo.! 

The characters to be relied on in taxonomic work must be constant 

under all conditions and not correlated with certain adaptations to 

habitat. In the work here set forth separation and relationship of spe- 

cies are made on the aggregate of characters, it being borne in mind that 

the proportionate value to be attached to each character must neces- 

sarily vary. 

The most valuable characters that can be employed are doubtless 

those which are exhibited by the reproductive organs, and which fur- 

nish means of separating the genus into different groups. Other 

characters which have been found can be conveniently used in sepa- 

rating the various species, arranged as nearly as possible in the order 

of their importance, are (1) the size, and morphology of the sexual 

reproductive bodies, conidia, chlamydospores and other structures; 

(2) shape of the terminal papillum in the conidium; (3) the ratio of 

the length to the width of conidia; (4) variation in the mycelium, 

and (5) the macroscopic growth, time of appearance of spores and 

kind of spore forms produced on various media. 

As artificial media were most generally employed, it seemed impor- 

tant to determine whether these media influenced the morphology and 
size of the various structures to any appreciable extent. Preliminary 

trials were made with P. infestans on potato foliage and artificial media, 

but no appreciable differences between the spore production on the 

potato foliage and those grown on artificial media could be detected. 

As far as possible, all the forms were subjected to identical conditions. 
Measuring spore forms to delineate species in the various fungous 

groups is a well established practice. In forms less variable than those 

of Phytophthora a small number of such measurements might be suffi- 

cient to determine the average size. The conidia of Phytophthora, 

however, are so variable that a small number of measurements is apt 

to be misleading. For this reason four-hundred measurements were 

made of each form, including the length and width of conidia, the ratio 

of the length to the width and diameter of oospores and chlamydospores. 

On account of the great variability in the individual measurements, 

biometrical methods were used to obtain constants more readily com- 
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parable than a large mass of individual measurements. The con- 

stants obtained are the mean, median, mode, standard deviation and 

skewness. The measurements were made at the time of the first ap- 

pearance of conidia and oospores, at which stage the cultures most 

nearly approach the normal. The cultures were kept at approxi- 

mately 20°C. 
After making a number of measurements of conidia and observing 

the great variation in size, it occurred to me that by continual plant- 

ings from large selected individuals cultures could finally be obtained 
which would produce only large conidia and vice versa. After making 

a large number of dilution plates and selecting single large spores for 

five generations, it was found that there was no material difference 

between the percentage of large and small conidia in the original 

culture and the culture resulting from the last selection. 

The following summarizes the results of the above studies:? 

1. The various forms reacted differently on different media as re- 

gards rate of growth and spore forms produced. 

2. The temperature at which cultures are grown is a factor in the 

production of normal and comparable cultures. 

3. As a minor character, the macroscopic appearance of the growth 

on a given medium is of some value. 

4. The time of appearance of the spore forms from different strains 

of the same species on a given medium may vary, but eventually the 

same forms appear. 

5. On oat agar the mycelia of the various species cannot be distin- 
guished with any degree of certainty; on potato agar P. syringae can 

be distinguished from the remaining species by the fact that it pro- 

duces characteristic tuberculate mycelia. P. micotianae can likewise 

be distinguished to a certain extent by the more gnarled mycelia and 

greater abundance of globoid particles of a fatty or glycogen nature 

within the threads. 

6. Measurement of the conidia can be employed to aid in delineating 

species, provided a sufficiently large number are measured. It is sug- 

gested that at least 200 should be measured and the different measure- 

ments grouped into classes. 

7. For the purpose of obtaining a quantitive measure of the shape 

of the conidia the ratio of the length to the width of the conidia should 

be obtained and the ratios likewise grouped into classes. A compari- 

son of the conidia of P. parasitica and P. nicotianae illustrates this 

point. Heretofore the differences in shape in the conidia of these two 

species would be expressed only qualitatively, calling the former 
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long and ellipsoidal, while the latter would be short and globose. 

Expressed quantitively, as a result of measuring the length and width 

of 400 individuals of each species and obtaining the ratios of the length 

to the width, the conidia of P.-parasitica group themselves about a 

predominating ratio of 2, while P. nicotianae are found at 1.2. Sim- 

ilarly the ratios of the conidia of all the remaining species will vary 

from 1 + to2 +. 

8. The degree of the development of the papillum is a good char- 

acter to be employed in taxonomic work. 

9. In their germination of conidia by means of swarm spores, at least 

some of the species of Phytophthora liberate their zoospore mass into 

a bladder or vesiclé, thus showing a greater relationship to Pythium 
than had been suspected. 

10. Certain of the species of Phytophthora produce chlamydospores 

either terminally or intercalarly. 

11. The measurement of the chlamydospores can be used to good 

advantage in delineating species. A sufficiently large number should 

be measured as in the case of the conidia. 

12. The relation of the antheridium to the oogonium, that is whether 

produced at the base or on a side, can be used in separating the genus 

into groups, viz.: Cactorum group and Phaseoli group. 

- 13. An additional group (Faberi group), analogous to the Fungi 

Imperfecti group, and embracing forms in which antheridia are ab- 

sent or where their relation to the oogonium is yet unknown, is tenta- 

tively established. 

14. In one of the several strains of P. infestans oospore-like bodies 

resembling those observed by other investigators were produced. 

Antheridia, however, were either absent, or of a very doubtful nature 

if present. 

15. As in the case of conidia and chlamydospores, a sufficiently 

large number of measurements of the oospores should be made if the 

measurements are to be used in identifying a species. 

16. On account of the variability in the size of the spore forms be- 

longing to this genus, a more ready comparison can be made by the 
use of biometrical constants than by a mass of individual measurements. 

Such biometrical constants were calculated and arranged into tables. 

By the use of these constants the identity and relationship of the 

species are further confirmed. 

17. In closely related genera, such as Pythium, Pythiacystis, 

Peronospora, Plasmopora, and Sclerospora, the identification and 

separation of species are made with difficulty. Many of the diagnostic 
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characters enumerated in this paper can be employed to good advan- 

tage in the identification of species belonging to these genera. 

1Saccardo, P. A., Phytophthora cactorum (C. et L.), Schroet. Syll. fung., 7, 1888, (238). 

2The complete paper is published in J. Agric. Res., 8, 1917, No. 7. 

A POSSIBLE FUNCTION OF THE IONS IN THE ELECTRIC CON- 
DUCTIVITY OF METALS 

By Edwin H. Hall 

JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 

Read before the Academy, November 14, 1916 

The following paper is a development, in certain particulars, of a 

suggestion concerning electric conduction in metals which I made in 

Il Nuovo Cimento for January-February, 1915. It rejects the free 

electrons within the metal as the vehicle of the electric current and puts 

in their place for this function the metal ions, necessarily equally numer- 

ous with the free electrons. Briefly stated, the idea of conduction 

which I have had in mind is the following: 

At very low temperatures the atoms of a metal are packed so closely 

that electrons pass readily from one to another in a continuous proces- 

sion through the metal, if there is an applied electromotive force to 

maintain progression in one direction. Free electrons and metal ions, 

if indeed ionization exists at the lowest temperatures, need not be called 
into action here. 

With rising temperature the heat vibrations separate the atoms so 

that they are not always in conductive contact, and not very many 

degrees above the absolute zero they are, on the average, so far apart 
that conductive contact between them is exceptional. 

In this state of things an electron will not in fact pass from one metal 

particle to another, even when they are in the closest contact of a col- 
lision, unless one of these particles is an atom and the other an ion. 

Figures 1 and 2 illustrate the fundamental difference, from the point 

of view of conduction, between an atom-atom collision and an atom-ion 

collision. In figure 1 the electric force tending to carry the extra elec- 

tron of the left-hand particle back to the positively charged right-hand 

particle, just before the particles separate, must be enormously larger! 

than the greatest conteracting force we can apply from without. But 

in figure 2 the extra electron may belong as much to one particle as to 

the other, when once the particles meet, and a comparatively small 

general gradient of potential in the metal, due to an electromotive force 
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applied from without, may well determine what course the electron in 

question will take. 

The experiments and arguments of Professor Bridgman now make it 

seem probable that I have greatly underestimated the range of tem- 

perature through which the normal atoms may, in spite of the heat 
vibrations, be regarded as remaining in conductive contact with each 

other, and that, accordingly, the important function which my theory 

has given to the ions may not belong to them, except perhaps at rela- 

tively high temperatures or in the liquid state of the metals. 

Nevertheless, the potentiality of the ions for conduction is so great, 

under certain conditions which do not appear impossible, that it seems 

worth while to maké some exposition of it. 

“Q Ol™O © 
» CO f= CO 
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FIG. i. TRANSMISSION COL- FIG. 2. TRANSMISSION COL- 
LISION BETWEEN TWO ATOMS. LISION BETWEEN AN ATOM 
IMPROBABLE. AND AN ION. NOT IMPROB- 

Three questions will be considered: 

1. How numerous must the ions be in order to maintain currents of 
great density? 

2. Would the conductive action of the ions conform to Ohm’s law? 

3. What should be the temperature relations of conductivity, if it is 
due to ions? 

1. Requisite Number of Ions per Unit Volume.—The number of ions 

required for maintenance of electric currents, even currents of great 

intensity, may be small compared with the number of atoms—that is, 

the degree of ionization may be low. To show this let us consider, for 
example, copper at 300°C. absolute. 

German investigators have shown that the specific heats of metals 

at low temperatures can be satisfactorily accounted for on the hypoth- 

esis that the frequency of to and fro vibration of the atoms is nearly 

independent of the temperature. Griineisen takes from Nernst and 

Lindemann 320 as the value of 6» for copper, where » is the frequency 

in question and 8 = 4.8 X 10-". Accordingly we have 

v = 320 + 4.8 X 10-" = 6.7 X 10”. 
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The distance from center to center of copper atoms at 0° absolute 

and zero external pressure must be about 2 X 10-* cm., and we may 

take this as the normal value of the atomic diameter. At ordinary 

room temperatures the distance from center to center is probably only 

about 0.5 of 1% greater. 
Let us now, taking for simplicity conditions which must be modified 

later, imagine a row of atoms and ions arranged along a straight line in 

the direction of the potential gradient, maintained from without, in 

the metal, the mean distance from center to center being 2 x 10-8 

cm., and let us suppose each particle to vibrate in its heat motion exactly 

in the straight line of the row in question, from collision at the left to 

collision at the right and back again, 6.7 x 10” times per second. Let 

us suppose every ion in the row to capture an electron at every left- 

hand collision, thus transferring the ion condition to its left-hand 
neighbor. 

All these assumptions lead to the conclusion that from every ion in 

the row the ion condition would travel along the row at the rate of 2 x 

10-* X 13.4 X 10”, or 268,000, cm. per second. This is equivalent to 

one electron traveling with the same velocity. Acting thus one ion 

per linear centimeter would enable a conductor to maintain a current 

of 268,000 x 15 x 10-*!, about 4 x 10-", electromagnetic units; and 

10° such ions per linear centimeter would carry a current of 40 

amperes. 

In a copper rod of unit cross-section there are about 88 < 10% atoms 

per linear centimeter—that is, 3.5 X 10® times the number of ions re- 

quired to carry a current of 1000 amperes, if these ions were all as 

effective as they are in this preliminary calculation supposed to be. 

We must now let fall some of the favoring assumptions of this calcu- 

lation, in order to approach more nearly to actual or possible conditions. 

Instead of assuming every vibration to be in the line of the potential 

gradient, we must imagine the progress of the ion condition to follow a 
zig-zag course, the mean distance of travel in the direction of the poten- 

tial gradient being not 2 X 10-*cm., but, let us say, 10-*cm. The great 

departure, however, from numerical truth was made in assuming that 

every ion gains an electron at its left-hand collision—that is, at the 

negative-potential end of its heat path. This is equivalent to assuming 

that all the existing ions are moving in one direction, from + toward —, 

through the metal. In fact, the gradient of potential, even if very 

steep, would probably determine or inhibit the passage of an electron 

in only a very small proportion of all the collisions between atoms and 

ions. Let us suppose that a gradient of potential sufficient to main- 
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tain a current of 1000 amperes per square centimeter through copper 

will decide for or against the transition of an electron in one out of every 
10,000 atom-ion collisions. 

With this revision of our conditions we find that the number of ions 

required to maintain a current of 1000 amperes per square centimeter 

is about 1 for every 170 atoms. This degree of ionization, at medium 

temperatures, does not seem improbable. At least, it cannot be ob- 

jected to on the ground that it would make the specific heat of the metal 
too large. 

2. Ohm’s Law.—The mere fact that so small a portion of all the atom- 

ion collisions need be decisively affected by the potential gradient in 

order to maintain large currents raises a very strong presumption in 

favor of the proposition that the number of cases so affected will be pro- 

portional to the steepness of this potential gradient. Wherever we find 

an effect which begins with the beginning of a certain kind of stress 

and is tested through only a small part of its possible range, the mag- 

nitude of the effect in question is found to be proportional to the mag- 
nitude of the producing stress. 

3. The Temperature Relation—The theory of conduction which we 
are considering does not, at present, seem capable of giving a satisfac- 

tory account of the relation between conductivity and temperature. 

It would make the conductivity increase, remain constant, or decrease, 
according to circumstances, with rise of temperature. But, even so, 

it is worth examining somewhat further; for in some fashion it may at 

least supplement whatever main theory of conduction shall be found 

to hold. 

In the following discussion certain assumptions are introduced which 

might require modification upon further study: 

A free electron striking an atom is supposed to rebound or to enter 

the atom driving out another electron. 

A free electron striking an ion is supposed always to unite with it 

to make an atom. 
A, the total increase of distance from centre to centre of neighboring 

atoms during the rise of temperature from absolute zero to 7, is sup- 

posed to be proportional to T. 

L, the mean free path of a free electron between collisions, is sup- 

posed to be proportional? to A and so to T. 

If c is the mean velocity of the free electrons, the mean time between 

collisions of an electron is proportional to T + c. 

Let m = the number of free electrons, or the number of ions, per unit 

volume of the metal. 
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7, the mean life of an electron in the free state, being terminated only 

by collision with an ion, is proportional to (JT + c) + m; that is, 

r=qT+ne, (1) 

where q is a constant. 

Let P = the number of free electrons produced per unit volume per 

second. They are supposed to be produced by collisions,—usually 

by collisions of atoms with atoms, though sometimes by collisions of 
atoms with ions. 

A little consideration shows that 

Pr=n,orP=n+r=mn'c+ qT. (2) 

Let B = the total number of ion heat-paths begun per unit volume 

per second. 

Let F = the total number of ion heat-paths finished, to collision with 

atom or ion, per unit volume per second. 
F < B, because of collisions like the one here indicated (fig. 3), in 

which the ion captures a free electron and ceases to be an ion before it 

reaches the atom it is approaching. 

OOD 
FIG. 3 

Let @ = the mean duration of one heat-path of an atom or an ion. 

It is inversely proportional to the ‘proper frequency’ of atomic vibra- 

tion and may therefore be taken as independent of the temperature. 

If an ion could cease to be such only by collision with a free electron, 

the mean length of life of the ions would be the same as 7, the mean 

length of life of the free electrons. But an ion may cease to be such by 

collision with an atom, and the time required for its approach to such a 

collision is 8. Hence the probability* that an ion will survive as such 

till it‘has collision with an atom is¢. Accordingly we have 

F=Be"” (3) 

We have now to consider various types of. collisions, between atoms, 

between atoms and ions, or between ions. Some of these may yield 

free electrons. 

Since all the types of collision in which ions figure are here shown, we 

have 
B=P+F (4) 
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From equations (1), (2), (3) and (4) we get 

pa M5 (deter), 
qT 

As F is the number of ion heat-paths completed per unit volume per 

second, we assume that the conductivity is, other things being equal, 

proportional to F. Accordingly our question as to the dependence of 

conductivity on temperature becomes a question as to the dependence 
of Fon T. This in turn, since m, c and T are the only variables in the 

value of F, evidently involves the question of the dependence of ¢ and 

n upon T. 

Types of collisions Contribution to 

Before After Ne ae 8 

ee OO Sner 

00 OO 
OO GO 
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FIG. 4 

It is by no means certain that the mean kinetic energy of the free 

electrons is equal to that of gas molecules at the same temperature. 

Thus Jeans‘ says, “In this case owing to the small mass of the electron, 

the frequencies of the vibrations of the medium [‘quasi-gas’] consti- 

tuted by the electrons are very high, so that the old laws of partition of 

energy will not give anything even approaching a good approximation 

to the truth.” In a paper published in 1914 I reached the conclusion® 

that, in a metal represented by a straight line on the thermo-electric 

diagram, the mean velocity of the free electrons may be proportional 

not to 7}, but to T, at least approximately. 

We shall here use, in turn, the two assumptions: 

c=y7T* (6) and c=yT (6'), vy being a constant. 
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From (5) and (6) we get F = an? + T?(€"* Pw 1), 

where a = (y + g) and b = (y# + q), both constant. 
We next assume that the relation of 2 to T is of the form 

n=kT* (8), where k and i are constants. 

From (7) and (8) comes F = ak?T@%~°°5) = (@#TG-05) _ 1), (9) 

where 6 k T (i — 0.5), the exponent of e, is merely another expression 

for the original (6 + 7). 

The lowest temperature to be considered will be called To, and it will 

be’ defined as the temperatures at which F = 3B, which means that 

only one-half of the’ ion heat-paths begun are completed by the ions as 

such.5 
U] 

This makes «7 = 2, and so F = ak? T"~°”, Higher temperatures 

will be expressed as multiples of To. 

Giving to z the values 0, 0.125, 0.25, 0.50, 1.00 and 1.50, in turn, 

we get from (9) values of F which are indicated by the curves in figure 5. 

If, instead of assuming c X T?, as in (6) we take c « T, as in (6’), 

we get, by making z = 0, 0.125, 0.25, 0.50, and 1.00, in turn, values 

of F which are indicated by the curves, in figure 6. 

I have sought to account for the temperature relations of conductiv- 

ity by combining with the considerations just presented the hypothesis 

of an atomic vibration consisting of a simple harmonic motion prema- 

turely ended by collision of atom with atom or with an ion. This at- 

tempt, though not entirely successful, seemed not altogether hopeless 

until the experiments of Bridgman showed the atoms to be far less rigid 

than the kind of vibration in question required them to be. 

1It should be, according to Conlomb’s law, about 5 X 10+ 7. corresponding to a 

potential gradient of about 3 X 10% volts per centimeter. 
2 This is a doubtful proposition, and possibly some ingenious variation of it would make 

the ion theory more successful in dealing with the temperature relation. 
* The question here is analogous to the inquiry what is the probability that a gas mole- 

cule will go a distance x without collision, the mean free path being /; @ corresponds to 

x and 7 to /. 

4 Jeans, J. H., Dynamical Theory of Gases, 1916, §559. 
5 This does not imply a high degree of ionization. If we assume the electrons to have a 

mean kinetic energy equal to that of gas molecules at the same temperature, the mean 

velocity of the electrons will be about, 350 times as great as that of the atoms. Hence, if 

the mean free path of an electron is equal to the mean heat path of an atom or ion, a single 

electron will have about 350 collisions during the time @. If g be the degree of ionization,— 

that is, the ratio of m to the number of atoms per unit volume,—the total number of col- 

lisions per second of electrons with ions will be (350+ 0) m g. This is the number of ion 

heat-paths interrupted per second per unit volume by the free electrons. The total number 
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begun per second is, in the case supposed, B= P+ F=n+r+34B,andso}B=n 

+r. Hence (350 + 0) ng =n" +1, org = (6 + 3507). But when F = } B, (6 + 7) 
= loge 2, and so g = 0.00 2 nearly. 

6 Hall, E. H., Boston, Proc. Amer. Acad. Arts and Sci., 50, 1914, (67-103). 

THE GRAVIMETRIC SURVEY OF THE UNITED STATES 

By William Bowie 

DIVISION OF GEODESY, U. S. COAST AND GEODETIC SURVEY 
Communicated by W. M. Davis, January 12, 1917 

The gravimetric survey of the United States really began in 1890 

with the introduction of the Mendenhall one-half second invariable 
pendulum. Previous to that date, 13 stations had been established 

but in that older work pendulums were used which gave inaccurate 

results, as later work showed. We shall not, therefore, consider the 

gravity results obtained before the use of the Mendenhall pendulum. 

This pendulum consists of a bob and stem with a suitable head into 

which is set an agate plane which rests on a knife edge of the same 

material fastened to the pendulum case. The various parts of the ap- 

paratus are illustrated and described in reports of the Coast and Geo- 

detic Survey.!_ The Mendenhall pendulums are used to determine the 

difference in the intensity of gravity at two stations. 

The probable error of the value of gravity at Washington, deter- 

mined from Potsdam by the. relative method, is +0.001 dyne. The 

probable error of a station in the United States, other than that at 

Washington, is about +0.002 dyne. This is about one part in one- 

half million. The error of the absolute value at Potsdam enters all 

other values of gravity based upon the Potsdam system. 

Between the years 1891 and 1907, 47 stations were established in the 

United States, while since January, 1909, 212 additional stations have 

been established, making 259 in all. The Coast and Goedetic Survey 

has planned to continue its gravimetric survey for an indefinite period, 

with a view to covering the large areas now lacking in stations, and also 

local areas where there are special problems to be investigated. 

There are two immediate purposes to be served in carrying on, this 

work. First, to collect data from which more accurate values may be 

obtained for the flattening of the earth and for the terms in the gravity 

formula. Second, to obtain values of the intensity. of gravity at labora- 

tories as these values are needed in certain physical and chemical work. 

Another important use to which the gravimetric survey may be put 

is in researches into the subject of isostasy. While an old subject? 

isostasy has only recently become a vital matter to be considered in 
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most geophysical problems. The work done in the Survey*:*:> shows 

that, at some depth below sea level (of the order of 100 kilometers) the 

pressure of any unit column is very nearly equal to that of any other 

unit column. For instance, the pressure exerted on a square mile of 

the imaginary surface at a depth of say 96 kilometers® below sea level 

at the sea coast or under the plains is about the same as the pressure on 

an equal area at the same depth below sea level under the Rocky Moun- 

tains or under any other mountain masses. 

If we assume that the equalization of pressures at the supposed 

depth, called the depth of compensation, is perfect, then we must con- 

clude that the land masses are counterbalanced by deficiencies in den- 

sity of the materials below sea level, under the topographic features. 

It is not probable that the pressures are exactly equal for small areas of 

the surface at the depth of compensation. It is very probable that 

they are practically equal for areas of the order of ten thousand square 
miles. It is one of the important problems of the geodesist to collect 

sufficient data to show the minimum area which may be in a high state 
of isostasy. Another problem for him to investigate is the distribution 

horizontally and vertically of the deficiencies in mass, which balance 

the material which is above sea level. 

For the purposes of making the computations, the compensating 

deficiencies of density or mass are supposed to be uniformly distributed 

directly under the topographic feature from the earth’s surface to the 

depth of compensation. And it is also assumed that the negative masses 

exactly equal the positive masses which are above sea level. 

We cannot tell from the data now at hand just how near the truth 

are these assumed conditions. But we do know that they are very 
much nearer the truth than those conditions based upon a rigid earth, 

with the topographic features held up by the strength of the earth’s 

outer material. The assumed isostatic conditions are also shown to 

be much nearer the truth than those based upon the theory that the topo- 

graphic features should be ignored. 

It will be interesting to consider briefly the results of the latest inves- 

tigations by the Coast and Geodetic Survey upon the subject of gravity 

and isostasy.® 

We may assume that the method of reduction which shows the small- 

est effect of systematic or constant errors is the nearest the truth. For 

instance, there may be used in the tests five classes of topography (the 

sea being ignored, as we have no very accurate gravity observations 

at sea). They are indicated in the tables below. The isostatic or 

Hayford method of reduction was used with two depths of compensa- 
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tion and with two different gravity formulas; otherwise they are iden- 

tical. The Bouguer reduction postulates a highly rigid earth and the 

free air reduction an earth with no rigidity. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE TOPOGRAPHY 

Mean anomalies 

With regard to sign 

1 
depth 

113.7 km. 

Hayford, 
912; 

Coast stations 27: | —0.009 

Stations near coast 46 {| —0.001 

Stations in interior, not in mountainous 

88 | —0.001 
Stations in mountainous regions : 

Below the general level...............| 36 | —0.003 

Above the general level 20 | +0.001 

All stations (except the two Seattle sta- 
217 —0.002 

to sign 

27 0.018 0.012 0.021 0.022 
46 0.021 0.020 0.025 0.023 

88 0.019 0.019 0.033 0.020 
Stations in mountainous regions 

Below the general level 36 0.020 0.018 0.108 0.024 

20 0.017 0.022 0.111 0.059 

217 0.019 | . 0.019 0.049 0.025 

The table above shows that when the reductions are made by either 

of the Hayford methods the range of the mean anomalies with regard 

to sign is very nearly zero in most cases. The Bouguer and free air 

anomalies are much larger than the isostatic anomalies. By anomaly 

is meant the difference between the observed and the computed values 

of gravity at a station. 

The table indicates strongly that the conditions under which the 

isostatic or Hayford reductions were made are very close to the truth. 

The evidence is that the depth 113.7 kilometers is closer to the truth 

than 60 kilometers, for in the former case the mean anomaly for the 

classes of topography indicated above varies from +0.001 to —0.009 

dyne, while with the latter the range is from +0.016 to —0.003. The 
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Bouguer range is from +0.017 to —0.110 dyne. The free air means 

vary from +0.058 to —0.008. ’ 

It is important to consider whether the compensation occurs directly 

under a topographic feature, a mountain mass for instance, or is dis- 

tributed through a column having a cross section somewhat greater in. 

area than the base of the feature. 
The compensation was distributed in horizontal extent to distances 

of 19, 59 and 167 kilometers in all directions from the stations. These 

distances correspond to the outer limits of zones K, M and O, which 

were used in computing the topographic and compensation corrections. 

It was found that the mean anomaly with and without regard to sign 

was approximately the same for each method of distribution horizon- 

tally and for local distribution, if all stations were treated as a single 

group. Consequently, no one method seemed to be more probable 

than any other. The stations were next considered in five groups, 

according to the topography, with the results shown in the following 

table. 

RELATION OF LocAL-CoMPENSATION ANOMALIES AND REGIONAL-COMPENSATION 

ANOMALIES TO TOPOGRAPHY 

ANOMALY. REGIONAL-COMPENSATION 

WITHIN OUTER LIMIT OF 

Zone K Zone M Zone O 
19 km. 59 km. 167 km. 

At 18 Coast Stations 
Mean with regard to sign —0.004 | —0.004 | —0.004 | —0.006 

Mean without regard to sign 0.018 0.018 0.018 0.020 
At 25 stations near coast 

Mean with regard to sign —0.002 | —0.001 | —0.001 | —0.001 

Mean without regard to sign 0.022 0.021 0.021 0.022 

At 39 interior stations, not in mountains 
Mean with regard to sign +0.001 | +0.002 | +0.002 | +0.003 
Mean without regard to sign 0.017 0.018 0.018 0.017 

At 22 mountain stations below general level 
Mean with regard to sign 0.000 |} +0.001 | +0.003 | +0.006 
Mean without regard to sign 0.017 0.017 0.018 0.019 

At 18 mountain stations above general level 

Mean with regard to sign +0.003 | +0.003 0.000 | —0.010 

Mean without regard to sign 0.018 0.018 0.017 0.020 

The mean anomaly without regard to sign is not decidedly in favor 

of either method. But the means with regard to sign seem to point 

strongly against the distribution of the compensation out to a distance 

of 167 kilometers from the stations, for there we have a range in the 

mean anomalies of 0.016 dyne between the 22 stations in mountainous 



GEOLOGY: W. BOWIE 175 

regions below the general level and the 18 mountain stations above the 
general level. The range for local and the other two methods is, in 

each case, only 0.007 dyne. 

We must conclude that the regional distribution out to 59 kilometers 

is as likely to be true as the local distribution of the compensation. 

There may be some distance beyond 59 kilometers and less than 167 

kilometers which would show a smaller range in the mean anomalies 

than any of the distributions considered above. It seems to be reason- 

able to expect that the distance in question is nearer 59 than 167 

kilometers. 

Tests made to show which is the most probable depth of compen- 

sation indicated that when the stations were taken as a single group 

the value is about 60 kilometers. But when the stations were arranged 

according to the topography the depth of 95 kilometers is the most 

probable depth. The depths of compensation, determined from de- 

flections of the vertical,? are from the first investigation 113.7 kilo- 

meters and from the later one, 122 kilometers. When the deflection 

stations in mountain regions only were considered the depth is 97 kilo- 

meters. The mean of this and the depth from gravity stations is 96 

kilometers. It is believed this is the best value from all geodetic data. 

It is improbable that the compensation is distributed uniformly 

from sea level to the depth of compensation. It is not probable that 

what may be considered the normal distribution of densities of the 

material in the outer portions of the earth obtains under all places on 

the earth’s surface. 

The present data are not sufficient to enable one to compute the 

actual distribution of densities under any given area, but there are rea- 
sons to believe that approximations to the actual distribution may 

be made. 
In a study of the relation between the gravity anomalies and the 

geological formations, as indicated by surface material, it developed 

that at stations on the pre-Cambrian areas gravity is nearly always in 

excess. It is known that the older rocks have greater densities than 

normal and as this material is close to the gravity stations there should 

result a greater intensity of gravity. The excess of gravity at a station 

may give some idea of the depth of this older rock. 
The stations on the Cenozoic formations have a tendency to a defi- 

ciency in gravity. This seems to be logical as the rocks in this forma- 
tion have densities less than normal. Here again the size of the defi- 

ciency may indicate the approximate depth of the Cenozoic formation. 

The Paleozoic stations tend to be negative and the Mesozoic stations 
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positive, but there is no such evident relation between the densities 
and the gravity as with the two other formations. The average densi- 

ties of the Paleozoic and Mesozoic rocks are about equal.’ 
There is given below a table which shows that relations exist between 

the gravity anomalies and the geological formations in the, United 

States. A positive anomaly indicates an excess in gravity and a nega- 

tive anomaly a deficiency. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION 

NUMBER OF STATIONS MEAN ANOMALY 

GEOLOGIC FORMATION 
With plus | With minus With regard} Without re- 
anomalies | anomalies tosign | gard tosign 

2 +0.019 | 0.023 

49 —0.011 | 0.021 
11 +0.009 | 0.017 

32 —0.007 | 0.019 

A study was made of the stations in India, 73 in all, and these showed 

that gravity at Cenozoic stations is, in general, too small. There were 

very few stations in the other formations which made it impossible to 
draw any definite conclusions from them. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR 

STATIONS IN INDIA 

NUMBER OF STATIONS MEAN ANOMALY 

GEOLOGIC FORMATION 
With plus | With minus} 4) |With regard Without re- 
anomalies | anomalies tosign | gard tosign 

6 2 8 | +0.002 
2 3 6* 0.000 

1 0 1 | +0.022 

11 20 31 | —0.017 

* One anomaly is zero. 

The larger part of most of the larger anomalies may de due to defi- 

ciencies or excesses in the densities of the materials below sea level near 

the stations, and these deviations from normal may be compensated 

in the lower strata. If this is true, isostasy is more nearly perfect than 

has generally been supposed. 

There are 42 stations in Canada which were studied but their gravity 

values showed no such relations to the geological formations as were 

found in the United States and in India. 

From the values of gravity at 358 stations in the United States, Can- 

. 
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ada, India and in Europe, which had been reduced by the isostatic or 

Hayford method, the best gravity formula deduced is 

vo = 978.039 (1 + 0.005294 sin? ¢ — 0.000007 sin? 2 ¢) 

in which yo is the value of gravity in dynes at sea level, at the latitude, 

¢, and the first term, 978.039, is the value of gravity at the equator. 

From the constant 0.005294 a reciprocal of the flattening of the earth 

of 297.4 was derived. 

The well known formula 

Ci = —0.0003086 H 

was used to correct the value of gravity for the distance above sea level. 

H is the elevation of the station in meters. 

If we assume that the best known value of the equatorial radius of 

the earth is 6,378,388 meters,® then the polar semi-diameter is 6,356,941 - 

meters. The difference is 21,447 meters or 13.3 miles. 

The results of the investigations of the Coast and Geodetic Survey 

make it possible to compute the value of gravity for stations in the 

United States, and possibly also in any other country, with an average 
uncertainty in the result of about 0.020 dyne or one part in 50,000. 

Further work on the gravimetric survey of the United States will 

enable us to obtain better values of the shape of the earth, and for the 

constants of the gravity formula, and will no doubt lead to important 

discoveries regarding the distributions of densities in the outer por- 

tions of the earth and especially within the outer ten miles. 

1 Washington, D. C., U. S. Commerce Dept. Coast & Geod. Surv., Rep., 1891, Appendix 
No. 15; Ibid., 1893, Appendix No. 12; Ibid., 1910, Appendix No. 6. 

2 London, Phil. Trans. R. Soc., 149, 1859, (745); Dutton, C. E., Washington, D. C., Bull. 

Wash. Phil. Soc., 11, 1889, (51-64). 
3 Hayford, J. F., U. S. Commerce Dept. Coast & Geod. Surv., The figure of the earth and 

isostasy from measurements in the United States, 1909; Supplementary investigation in 

1909 of the figure of the earth and isostasy, 1909. 
4 Hayford, J. F., and Bowie, W., U. S. Commerce Dept. Coast & Geod. Surv., Sp. Pub., 

No. 10, 1912; Bowie, W., Ibid., No. 12, 1912. 

5 Bowie, W., Ibid., No. 40, 1916. 

® This, according to the latest investigation, is the most probable depth (see 5). 
7 Barrell, J., Chicago, Ill., J. Geol. Univ. Chic., 22, 1914, (215). 

8 See Hayford, loc. cit., Note 3, 1909, (54). 
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THE MAGNETIZATION OF IRON, NICKEL, AND COBALT BY ROTA- 
TION AND THE NATURE OF THE MAGNETIC MOLECULE 

By S. J. Barnett 

DEPARTMENT OF PHYSICS, OHIO STATE UNIVERSITY 

Communicated by R. A. Millikan, January 15, 1917 

In December, 1914, I described to the American Physical Society 

an extended series of experiments made in that year on the magneti- 

zation of large steel rods by mere rotation.! 

Before these experiments were made only one method of magnetizing 

a body was known, viz., placing it in a magnetic field. These experi- 
ments not only revealed another and entirely new method, but they 

also confirmed completely the fundamental assumptions on which the 

results had been predicted: They proved, in a direct and conclusive 
. way, on the basis of classical dynamics alone, without dependence upon 

the theory of radiation, (1) that Ampéreian currents, or molecular cur- 

rents of electricity in orbital revolution, exist in iron; (2) that all or 

most of the electricity in orbital revolution is negative; and (3) that it 

has mass or inertia, so that each orbit behaves like a minute gyrostat 

and tends to set itself with the direction of revolution coincident with 

the direction of rotation of the body. It is in this way that magnetiza- 
tion of the body results. Furthermore, if we admit the classical theory 

of radiation, these experiments, together with the existence of residual 

or permanent magnetization, prove (4) that the arrangement of the 

electricity in the Ampéreian orbits is Saturnian rather than planetary. 

If it is assumed that only one kind of electricity is in orbital revolu- 

tion, and if the mass of a particle is denoted by m and its charge by e, 

theory shows that the rotation of a body with angular velocity m revo- 

lutions per second is equivalent to putting it in a magnetic field of in- 

tensity H, such that 

H/n = 4xm/e. (1) 

If we assume that electrons alone are in orbital revolution, the value 
of the second member of this equation is —7.1 X 10-7 e. m. u. accord- 
ing to well known experiments on electrons in slow motion, and H/n 

should be equal to this quantity and identical for all substances. If 

positive electricity also participates, the magnitude of H/n should be 
smaller. The value of H/n in my 1914 experiments was —3.6 X 107? 

e.m.u. : 

A little later, in February and April, 1915, Einstein and de Haas?’ 
described to the German Physical Society successful experiments on 
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the effect converse to mine, viz., rotation by magnetization, which had 

been predicted and looked for by O. W. Richardson in 1907; and de 

Haas? has recently continued this work in a somewhat different manner. 
Both investigations are indirect but excellent confirmations of my own 

earlier work. This work has also been confirmed by further experi- 

ments of my own of somewhat increased precision described before the 

American Physical Society in April, 1915.1 

In the last year, with financial aid received from the University 

through the interest of the dean of the graduate school, Prof. W. Mc- 

Pherson, and with the help of Mrs. Barnett, I have extended the in- 

vestigation to other specimens of iron and to cobalt and nickel. In 

all the earlier work the method of electromagnetic induction was used; 
this later work has been done by an entirely different method, viz., 

that of the magnetometer. 

The magnetometer was an astatic instrument, and each rod under 
experiment, or rotor, about 30.5 cm. in length and from 2.3 cm. to 3.2 

cm. in diameter, was mounted with its axis horizontal and normal to 

the magnetic meridian in the equatorial position of Gauss, which of- 

fered important advantages for this work. Calibrations were made 

by means of solenoids wound permanently on the rotors, and sub- 

sidiary solenoids wound on wooden cores. 

To avoid magnetic and mechanical disturbances as much as possible, 

nearly all of the observations were made after one o’clock at night. 

This precaution, together with the use of true, carefully adjusted, and 
frequently oiled bearings, heavy mountings of bronze and concrete, and 

a special method of driving, eliminated mechanical disturbances very 
largely. 

Disturbances due to variations of the earth’s intensity were greatly 
reduced by mounting a compensating rod of the same substance and 

nearly the same size as the rotor in approximately the same position 

with respect to the upper magnetometer magnet as that occupied by 
the rotor with respect to the lower magnet. 

Possible errors due to eddy currents in the rotor and to minute shifts. 
of the rotor’s axis in altitude or azimuth were avoided by compensating 

accurately the earth’s intensity in the region occupied by the rotor by 

means of a very large coil traversed by a steady electric current. Much 

greater variations of the compensating current on both sides of the correct 
value than the maximum allowed in the rotation experiments produced no. 
appreciable effect on the results obtained with some of the rotors and not. 

more than small effects with the others. The magnetometer magnets, 
control magnet, compensating rod, and a small electric coil in series with. 
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the large coil and mounted near the upper magnetometer magnet to 

make the sensibility approximately independent of the compensating 

current, produced in the region occupied. by the rotor intensities so 

small] that their effect was negligible. 

Rotation observations were made at equal intervals in sets of four as 

follows: The rotor was first driven (by means of an alternating current 

motor) at given speed in one direction and the magnetometer scale read; 

then the motor was reversed and the scale again read; then the readings 

were repeated in inverse order, all for the same speed. The double 

deflection obtained by subtracting the mean of the second and third 

readings from the mean of the first and fourth was the quantity sought. 

This process eliminated the difficulties due to the presence of residual 

magnetization of the rotor, the error due to magnetometer drift, and 

other possible errors. Error due to torsion of the rotor was found to 

be negligible by reversing some of the rotors in their bearings. 

With nickel and cobalt observations were made at three speeds, and 

H/n was found to be independent of the speed within the limits of the 

experimental error, as had been found in the earlier experiments with 

iron. ' 

Since mechanical disturbances were almost wholly absent and the 

magnetic disturbances became relatively less important with increased 

speed, the observations at the highest of the three speeds were more 

precise than the others. Table 1 contains the approximate results of 

the observations on four rods at the highest speeds. A few observa- 

tions, consistent with the others, on a fifth rod, of soft iron, in poor 

condition are not included in the table. 

TABLE 1. 

MEAN SPEED 10" x 2 

47 r. p. s. .2e.m. u. 

44 4 
45 a 

1 45 

The mean value of H/n is in all cases less in magnitude than the 

standard value of 4rm/e = —7.1 X 10-"e.m.u. for electrons in slow 

motion, as was the case in the earlier experiments; but the experimental 

errors, on account of the great difficulties involved, are such that im- 

portance cannot in my opinion be attached to the discrepancy. The 

investigation must rather be taken as confirming equation (1) and the 

assumption that only electrons are in orbital revolution in all the sub- 

stances investigated. 
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A more extended account of the investigation will be published in 

the near future. 

1 Barnett, S. J., Physic. Rev., Ithaca, N. Y., (Ser. 2), 6, 1915, (239-270). 
? Einstein, A., and de Haas, W. J., Berlin, Verh. D. Physik. Ges., 17, 1915, (152-170, 

203, 420). 
3 de Haas, W. J., Amsterdam, Proc. Sci. K. Akad. Wet., 18, 1916, (1281-1299); Sci. 

Abs., London, A., 17, 1916, (351). 

THE INTENSITIES OF X-RAYS OF THE L SERIES 

By David L. Webster and Harry Clark 

JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 

Communicated by E. H. Hall, January 17, 1917 

The purpose of this paper is to report briefly some preliminary re- 

sults of a study of the intensities of X-rays belonging to the L series of 

platinum considered as functions of the potential producing them and 
in their relations to each other and to the general radiation. 

Review of Previous Work.—Many of the phenomena observed here 

can be predicted, though with no certainty, by analogy with corre- 

sponding phenomena of the K series. The similarity of the two series 

appears in Moseley’s laws! of frequency as a function of atomic number, 

and especially in the fact that each series is produced as fluorescence by 

a substance absorbing rays of a higher frequency. It has been found 

by one of us* that the K series rays, of rhodium at least, appear only at 

a potential high enough to produce general radiation of a frequency as 

great as that of the shortest line of the series. This may be called the 

critical potential. Since this result is obviously connected with the 

law that absorbed rays will produce the K fluorescence only if their 

frequency is above that of this line, it is reasonable to expect a similar 
law for the L series. 

It must be remembered, however, that the L series is more complex 

than the K, both in the number of lines and in their gradual shifting 

relative to each other from element to element, shown in Moseley’s 

graphs! of square root of frequency against atomic number of the emit- 

ting element. Moreover Kossel* has found reason to believe that 

platinum and gold each show two discontinuities of absorptive power 

as a function of frequency near the L series, one in the middle of the 

series and the other near the high frequency end. An explanation of 

this appears in a most exhaustive study of the positions of the L series 

lines of the heavy elements by Siegbahn and Friman‘ who have plotted 

Vv against N for twelve lines. Four of these graphs are linear and 
nearly parallel, while the eight others are not linear but are nearly 
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parallel with a greater slope than the four. This suggests that the four, 

a2, 01, Be, and fs, (see fig. 1) form one series, which we shall call Ly, 
while the others, 7, 8s, 81, 8s, v1, Y2, Ys, and ys, form another series, Ls. 

The L, series is remarkably similar in appearance to the K series, un- 

less we include in it the line /, reported by Siegbahn in a paper which 

is not yet accessible, but which is quoted by Friman.' From this sim- 

ilarity one would expect the L; series to have a critical potential equal 

to the quantum potential of its highest frequency member, 6;. The L, 
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series, on the other hand, is totally different in appearance so that sim- 

ilar predictions can scarcely be made. The existence of two series 

accounts readily for that of two discontinuities of absorption. 

Following farther the analogy with the K series, one might expect 

all lines of each of the L; and Ly series to increase in intensity by the 

same ratio with any given increase of potential,’ and we may expect 

their intensity-potential graphs to be concave upward, while that of 

general radiation of any one frequency starts concave downward and 

soon becomes linear.’ 
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Results of Our Experiments——We have partially tested these predic- 

tions for a platinum target in a Coolidge tube furnished through the 
kindness of Dr. Coolidge. The potential was obtained from Professor 

Trowbridge’s 40 kv storage battery, and measured by a Chaffee elec- 

trostatic voltmeter calibrated by a manganin resistance of 0.8940 

megohms. ‘The spectrometer was similar in general plan to that used 

in the previous work on rhodium, but with many improvements in 

construction and accuracy. 

The principal results of the work to date are shown in figure 1, which 

contains graphs of intensity as a function of potential for two lines, 

a, and fe, of the L; series and three lines, 61, 6:, and 71, of the Le series. 

In each case the graph leaves the axis at the potential required to give 

an electron an energy quantum of the proper frequency, and each graph 

is of the form of one for general radiation only, from the start to a 

definite potential at which its curvature suddenly changes. This 

change denotes the first appearance of the spectrum line. For both 

the L; lines, this change occurs at 11.45 kv., or the quantum potential 

of the 8; line, as predicted, within the limits of error caused by the un- 

certainty inh. For 6, and (; also the critical points are identical, but 

quite different from that of the L; lines. In none of these four cases can 

there be any doubt as to the existence of critical points, although the 

intensities are somewhat inaccurate, since even #; is so weak there 

that a fall of the electroscope over the shortest scale division requires 

about half a minute. 

In the interpretation of the 7: curve, difficulty arises from the fact 

that the critical point is so close to the quantum potential that the 

general radiation itself has not acquired a uniform rate of increase. 

This curve has therefore been repeated in figure 2, with curves for gen- 

eral radiation of wave lengths just above and below 7. From these 

the general radiation with 7, itself may be estimated. It is repre- 

sented by the dotted line, which crosses each of the other curves at 

about the proper distances and would lie midway between them at very 

high potentials. From these graphs it appears that 7: also has a crit- 

ical potential, identical with that of 6; and #,, which appears to be 

13.20+ 0.05 kv. The wave length corresponding to this’ potential 

is 0.937A, not that of 7, the predicted head of the series, but even 

longer than yz. This result, which was quite unexpected, raises a ques- 

tion as to the nature and behavior of the three very faint lines 72, 7s, 
and +4, on which we hope to obtain more evidence in the course of this 

work. 

The calculations of the critical wave lengths of the series is dependent 
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on the value assumed for Planck’s h. Millikan’s experiments on photo- 

electrons give 6.57 X 10-*’ erg sec., while the value obtained in the 

work on rhodium was 6.53. The latter value was obtained from the 

potential at the middle of the sharp upward curvature at the foot of 

each graph and is subject to any errors that may occur in determining 

this potential. This is made uncertain by the width of the slit and 

consequent lack of homogeneity of the rays. If, for example, the 

graph for really homogeneous rays turns down very sharply to the axis, 
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and the boundaries of the rays used are made indefinite by the size of 

the source, the potential to be used should be that of the steepest part 

of this curve. This hypothesis seems highly improbable since the 

maximum angle between any two rays coming through the slit is under 
0.10 in this case, giving less than 4% deviation of any reflected wave 

length from the mean, and the steepest part of the curve occurs about 

1% from the lowest potential at which any rays can be detected. Con- 

sequently we shall follow the method of calculation previously used. 

The values of / obtained are given in table I. Siegbahn and Friman’s 
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wave lengths are used as standards. Whatever constant errors there 
may be in this determination of h will cancel out in the calculation of 

the critical wave lengths. 

TABLE I 

Line r h (erg sec) 

ni vuhp hie caetdin <isec ccna eeras 1.3134 6.59 X 1072” 
DS. oes Ceadbadecak el Gavel anne 1.142 6.53 
Wks csris atu wiecd ca bik cide's wanatackiee aaa 2. 6.54 
BR is ign) cee Se ee aera 1.101 6.53 
Wnts tinea able ao dcks poke be ees 0.958 6.48 

REY aaeete GN eA A Bene ye MUS Ra Me i 6.53 

The intensities of the lines alone may be obtained by subtracting 

from the ordinates of their graphs the general radiation estimated as in 

figure 1. By this process it appears, as expected, that lines of the 

same series maintain the same ratio of intensities through any increase 
of potential up to 20 kv., the limit of our experiments to date. For 

potentials over 20% above the critical points, the mean deviation of 

these ratios from their average values is less than 3%. More accurate 

results should be obtained at higher potentials and with more exact 

determinations of the general radiation. The graphs both of lines and 

general radiation are also of the general forms predicted. Present 

results indicate that the rhodium K series and platinum L; and L, 

series all increase in intensity approximately in proportion to the three- 

halves power of the difference between the potential applied to the 

tube and the critical potential of the series. On all these points, how- 

ever, the present statements are only preliminary, and more accurate 

results should be obtained from further work now being done on plat- 

inum. Since the relation between the two series is different in different 

elements, we hope to test these phenomena in thorium also. 

1 Phil. Mag., London, (Ser. 6), 26, 1913, (1024-34); 27, 1914, (703-14). 
2 These PRocEEDINGS, 2, 1916, (90-4); Physic. Rev., Ithaca, N. Y., (Ser. 2), 7, 1916, 

(599-613). : 

3 Berlin, Verh. D. Physik. Ges., 16, 1914, (898-909). 

4 Phil. Mag., London, (Ser. 6), 32, 1916, (39-50). 

5 Tbid., 32, 1916, (497-499). 

6 Tbid., 26, 1913, (210-232), see especially p. 225. 
7The instrument was made from our design by the Alvan Clark Corp., Cambridge, 

Mass. 
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THE USE OF VASECTOMIZED MALE MICE AS INDICATORS 

By C. C. Little 

HARVARD MEDICAL SCHOOL 

Communicated by R. Pearl, January 22, 1917 

In the course of ‘certain experiments with mice it became necessary 

to have some way of determining the presence of the ovulation period 

in females which were still virgins. The small size of the external 

genetalia and the minuteness of the changes in them at periods of ovu- 

lation make methods of direct observation difficult if not impossible. 

It was found convenient therefore, to use vasectomized males to 

indicate the physiological condition of the females. For this purpose, 

males sexually mature or nearly so, were etherized and an incision about 6 

mm. long was made, a little to the right of the mid-ventral line in the 

right inguinal region, the hair having been previously clipped in that 

locality. Care was taken to avoid the larger blood vessels in the peri- 

toneum. Through this opening it was possible with a pair of small 

serrated forceps, to lift out first the right and then the left testicle and 

their respective vasa defferentia. A piece of the vasa defferentia, about 

3 mm. in length, was tied off with fine black silk, and the section be- 

tween the ligatures removed. The testicles and vasa defferentia were 

then replaced in the peritoneal cavity and the body wall and the outer 
skin sewed separately. Warm salt solution was used when necessary 
to keep the exposed organs moist. 

In a great majority of cases the operation was entirely successful 

and the mice recovered rapidly. In two weeks these mice were placed 

with females known to have had young between twenty-four and thirty- 

six hours previous. The vasectomized males behaved like normal 

males as regards their sexual instincts, and attempted successfully to 

copulate with the females. In so far as it was possible to observe, 

there was no difference in the process of mating between vasectomized 

and normal males. 

A breeding test on a larger scale was made to determine whether in 

a considerable period of time the vasectomized males would be able to 

fertilize an occasional female. For this purpose virgin females, just 
becoming sexually mature, were placed with vasectomized males and 

were controlled by an equal number of similar females placed with 

normal males. The first twenty males, both vasectomized and normal, 

were allowed to remain with females for only ten days. During this 

time in a total of 106 females, the pens containing vasectomized males 



GENETICS: C. C. LITTLE 187 

had a record of no observed pregnancies, while the controls showed 

seven pregnancies in a total of 98 females. The second series of results 

showed a more definite difference. In eleven pens in which vasecto- 

omized males were allowed to remain for from eighteen to twenty days, 
with a total of 60 females, there were no pregnancies; while control 

males remaining in pens containing 55 females for from eighteen to 

twenty days gave a total of nineteen pregnancies. The chief reason 
for lengthening the time during which the females and males were 

together was the appearance of a communication by Long concerning 

the period of ovulation in mice, which states that the average length 

of time between the first and second ovulations following parturition 

in mice is from seventeen to eighteen days. It became evident there- 

fore, that the first series of experiments in which female mice were 

allowed to remain with the males only ten days, would not be critical, 
in as much as the space between ovulation periods in virgin mice is 

undoubtedly approximately the same as the length of time between the 

first and second ovulations following parturition; and therefore proba- 

bly only about one-half of the females would pass through an ovulation 

period while with the males. The longer period gives a far better test 

as the results show. 
Before the experiments here recorded were made, a number of males 

were operated on and in each case a portion of the vasa defferentia 

3 mm. long was removed. The cut ends, however, were not ligatured. 

Thirty-nine of these males were chloroformed, slightly over two months 
after operation, and were examined to see whether any possible connec- 

tion between the severed vasa defferentia had been reestablished. In 

no case was there any sign of such a connection. In many cases there 

was obvious blockage and distention of the vasa defferentia, apparently 

by retention of substances which would have ordinarily passed through 

them. Certain signs of inflammation and reduction in the size of the 

testicles were also frequently observed. It would be interesting to see 
whether the sexual instincts of vasectomized males remained normal 

after the degenerative changes of the testes and vasa defferentia referred 

to had set in. 

By supplementing observations on the sexual instincts of these males 

with a careful histological examination of the testes it might be possible 
to obtain an additional line of evidence as to whether it was primarily 

the interstitial or the sperm forming cells which influence the secondary 

sexual characters. 

By the use of vasectomized males it will be possible to pick out the 

females which are in a suitable physiological condition for successful 

cn ee Oe EO OE RR Re ee 
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insemination by artificial or natural means, thereby minimizing the 
amount of error introduced in experimental work by the use of females 

in unknown physiological condition. In critical experiments by using 

for an indicator a vasectomized male, homozygous for one color factor, 

and for the later insemination sperm from a male homozygous for an- 

other color factor, one will have a definite breeding test showing whether 

or not, by any accident, the vasectomized male was able to transfer 
sperm to the female. 

PHOTOGRAPHIC MAGNITUDES OF STARS IN THE SELECTED 
AREAS OF KAPTEYN 

By Frederick H. Seares 

MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 

Communicated by G. E. Hale, February 1, 1917 

A casual experience with the details of astronomical investigation 

reveals, in the number of the stars, a serious difficulty to be overcome 

in undertaking any discussion of the development and structure of the 

stellar universe. Telescopes of even moderate size bring before the 
observer stars to be counted by tens of millions, while those shown by 

instruments of the highest power are many times more numerous. Since 

the individual examination of all these objects will not be seriously con- 

sidered, the question arises as to a rational limitation of the program 

of observations. Fortunately, the problem is not as hopeless as it 

seems, for very important and illuminating facts are to be derived from 

a minute percentage of the total number of stars seen in our telescopes, 

provided only that the objects chosen for study be representative of 

the collection as a whole. 

Kapteyn, in 1906, showed that by proper restriction and selection 

we might hope to obtain, within a comparatively few years, a fairly 

comprehensive notion of the salient features of the structure of the 

universe. His well-known ‘Plan of Selected Areas,’ published in that 

year formulates in a definite way the investigations to be undertaken 

in order that we may acquire an adequate knowledge of stellar posi- 

tions, distances, proper motions, radial velocities, spectra, and magni- 

tudes, both visual and photographic, which are the data essential for 

a consideration of the questions of structure and development. 
The principle of selection adopted by him involves the detailed exam- 

ination of all objects within the reach of observation, situated in cer- 

tain small areas uniformly distributed over the sky. About two hun- 
dred such selected areas are included in the list; the center in each case 
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is definitely marked by a star of more than average brilliance, but the 

boundaries are elastic and may be adapted to the special requirements 

of any given problem. In order that the accidental irregularities of 

distribution may not too greatly influence the results, each region, in 
dealing with stars of moderate brightness, will cover one or two square 

degrees; but for the very numerous fainter objects, sufficiently compre- 

hensive data can be obtained from much smaller areas, including, in 

some cases, only a small fraction of a degree. 

Kapteyn thus avoids the task impossible of execution and sets one 

that is more appropriate to our limited capacities. We occupy our- 

selves with what in effect is a sampling of the contents of the heavens, 

and, because of that underlying regularity presupposed by all our science, 

accept with some confidence its inferences and deductions as to the 

totality of the universe of stars. 

But with even this much restricted plan, the actual labor still is very 

great, beyond the resources of any single institution, and subdivision 

and codperation have therefore been necessary. Various observatories 

and numerous individuals have devoted themselves to special programs 

of observation, with the result that data are now rapidly accumulating. 
In accordance with this plan several investigations, for which the 

equipment of the Solar Observatory is peculiarly adapted, have been 

undertaken at Mount Wilson. One of these, with which this note is 

particularly concerned, relates to the determination of photographic 

magnitudes. 

In any scheme of sidereal research, measurements of stellar bright- 

ness are an important element; for a knowledge of stellar distribution 

and of the concentration of stars toward the galactic plane, they are 

essential; for the statistical discussion of stellar distances, they furnish 

criteria of the greatest value; and when both photographic and visual 

(or photovisual) magnitudes are known, we have immediately available 

values of the color which, for the fainter stars at least, are of much im- 

portance, since they afford, for objects inaccessible to spectroscopic 

observations, a hint as to physical condition not to be obtained by any 

other means. : 
In every photometric research a precise knowledge of the scale of 

magnitudes is an essential feature, and for the Mount Wilson investiga- 
tion this primarily was the requirement. Professor Kapteyn had 

previously been furnished with photographs of an hour’s exposure, 

with the 60-inch reflector, on each of the selected areas on and north 

of the parallel at — 15° declination; and for the reduction of these photo- 

graphs sequences of standard magnitudes were required. Although 
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standards for the faint stars were especially desired, brighter objects 

have also been observed in order to facilitate comparisons with other 
photometric systems. 

A simple means of deriving a sequence of standards is to transfer 

to the region in question, by means of intercomparison photographs, 

the standards already established at the Pole. But in the present 

case this method could not be used; the range of brightness to be covered 

was too great, and the limiting magnitude to be attained too faint. 

Separate determinations of the scale were accordingly undertaken 

for each area, and, as a means of greater precision, these were based 

on all the stars shown on the photographs used. We have, therefore, 

for each region a largé number of magnitudes, instead of merely se- 

quences of standards. The labor was thereby somewhat increased, but, 

besides the greater accuracy, there is the advantage of a complete utiliza- 
tion of the data of observation. 

To establish the photographic scale of magnitudes, the relation be- 

tween the brightness of a star and the size of its photographic image 

must be found. This can be reliably accomplished by means of succes- 

sive exposures, of constant duration, made on the same plate with light 

of different intensities? The variations in intensity, which must be 

known, can be produced through a change in the effective aperture 

of the telescope by adding diaphragms or screens of wire gauze. In- 

dividual stars will therefore show two or more images, with differing 

dimensions corresponding to known differences of magnitude. When 

once the images on any photograph have been completely measured, 

a simple interpolation process quickly gives the relative magnitudes 

of all the stars. To determine their absolute values, a zero-point 

correction must be added, whose value has to be derived from other data. 

If the scale is to be established over a considerable range of magnitude, 

photographs of both long and short exposure will be required; and to 

reduce the influence of the various errors, which in photometric work 

are always numerous and troublesome, several separate determinations 

will be made, preferably with diaphragms and screens which change 

the intensity by different amounts. The program adopted for each of 

the Selected Areas is shown in the Table. 
DURATION OF 

NO. PLATES APERTURE IN [NCRES URES 

1 60, 32, 32, 60: 15* 

1 60, Screen, Screen, 60 15 

2 60, 32, 14, 9, 9, 14, 32, 60 2 

This arrangement of exposures admits of six separate determinations 

of the scale, and a possible maximum of sixteen different values of the 
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magnitude of a given star, though the average number is only five or 

‘six; for the faintest stars there are naturally but two—those derived 
from the full-aperture images of the two plates of long exposure. 

It was planned originally to include only the 115 Selected Areas on 

and north of the Equator, and the 460 plates necessary for the deriva- 

tion of relative magnitudes in these regions have nearly all been taken. 

The measures are also well advanced, and for 80 regions the reductions, 

up to and including the relative magnitudes, are complete. It now 
seems desirable to include the 24 areas at — 15°, and these accordingly 

will be added to the program. 

To reduc the relative magnitudes to absolute values on the inter- 

national system, it is convenient to rely upon the North Polar Standards, 

for which precise results are known. To determine the various zero- 

point corrections, two series of intercomparison photographs have been 

made: first, comparisons of each area with the adjacent areas of the 

same zone of declination, and second, duplicate comparisons of six 

equidistant areas in each zone with the region of the Pole. By means 

of the zonal comparisons, the magnitudes of each zone can be brought 

to a common zero-point, which, through the polar comparisons, can 

finally be referred to the international standard. Since the inter- 

comparison exposures are of only two minutes duration, the photo- 

graphs are rapidly accumulated. All but 50 of the 302 plates required 

for the original program have been obtained. 

Since these photographs have not yet been reduced, the lower limit 

for the magnitudes is not accurately known, but probably it is not far 

from 17.5 on the photographic scale. The range of brightness is always 

such as to include the central star of the area and usually is eight mag- 

nitudes or more. The field is that of good definition, with the full 

aperture of the 60-inch mirror; its diameter is 23’ and its area 
about one-ninth of a square degree. The number of stars shown in 

such a field on the plates of fifteen minutes exposure varies from 40 

or 50 in high galactic latitudes to 2000 or 3000 in the star clouds of the 

Milky Way. The total for the Areas on and north of the Equator 

should be 55,000 or 60,000. 

1 Published by the Astronomical Laboratory at Groningen. 

* Seares, F. H., Mt. Wilson Contrib., No. 80; Astroph. J., Chicago, 39, 1914, (307-340). 
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ARCHAEOLOGY OF MAMMOTH CAVE AND VICINITY: 
A PRELIMINARY REPORT 

By N. C. Nelson 

AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 

Communicated by H. F. Osborn, February 2, 1917 

American anthropology appears to have arrived at something like 

a turning point in its history. The continent has now been covered 

more or less intensively and on the basis of the collected data both 

the ethnologists and the archaeologists are beginning to publish maps 

outlining in a tentative way the boundaries respectively of the historic 

and the prehistoric culture centers. (See W. H. Holmes, also Clark 

Wissler, Amer. Anthrop., New York, 16, No. 3, 1914; and Wissler in 

the Holmes Anniversary Volume, 1916.) These two maps, as would 

be expected, while not identical show a noteworthy correspondence. 

The question at once arises: how came these centers of cultural 

intensification to be? Thus far we have no scientific answer. We may 

say either that they were originated and developed in place or that they 

were transmitted from without, or finally—and what is most likely— 

that they are the products partly of transmission and partly of local 

origination. In any event the given culture complex did not drop out 

of the heavens in its perfected form: it has a history and what that 

history has been is for the archaeologist to determine. 

That the archaeologist can do this service need not be questioned. 

He has done it—or at least so it appears—in Europe. To some of us 

his performance is not entirely satisfactory as yet and when he insists 

that by searching in the New World we shall find the identical state of 

things which he himself has found in the Old World we openly rebel. 

But having said this we must still allow the European to point with 

pride to his chronological series and at the same time admit the justice 

of his criticism to the effect, viz., that our own investigations are al- 

most totally deficient in this respect. Our museums abound in choice 

collections from this and that type locality but we possess little knowl- 

edge of how the diversified cultural traits of which these collections 

bear testimony came about or what are their antecedent relationships. 

In so far as we mentally arrange these cultures in order of their complexity 

beginning, let us say, with the shellmound peoples and ending with 

the Mayas or the Incas it is a purely selective procedure, perhaps es- 

sentially true but nevertheless devoid of real scientific merit. 

It is true that some sporadic efforts at chronological determinations 

of different sorts have been made, as, for example, by Dr. Uhle in Peru, 
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by Dr. Spinden in the Maya area, by the writer and others in the Cali- 

fornia shellmounds and by a number of men from different institutions— 

including the American Museum—in the Trenton gravels, as well as in 

several of the rockshelters of New Jersey and finally by the writer again 

in the Southwest. All these attempts are of very limited significance, 

however, each embracing but an infinitely small segment of the entire 

cultural curve. Without elaborating on the subject any further it 

must be tolerably clear from the foregoing how urgent is the need for 
problem work in American archaeology. 

Being convinced of this necessity, the American Museum last summer 

made a preliminary investigation of some of the Kentucky caverns. 

Caves and rockshelters, in view of the wonderful returns they have 

yielded in Europe, are difficult to resist even though they have been 

tried over and over again in America with practically negative results. 

The general locality was deliberately chosen as being well south of the 

limits of glaciation, and in fact in some respects quite comparable to the 

Lower Pyrenees. The quest was not precisely to find evidence of Pale- 

olithic man; it was merely to ascertain whether in the middle Missis- - 

sippi region there was any trace of a relatively primitive stage of de- 

velopment that might have given rise to the Moundbuilder culture 
as we know it at its best. In this the writer, who conducted the in- 

vestigation, is at least morally certain that he succeeded. 

In the spring of the year, after consulting with Professor Arthur M. 
Miller of the Geological Department of the State University at Lexington, 

two series of caves and shelters were inspected: one along the Kentucky 

River, south of Lexington, and the other along the Green River in the 

vicinity of Mammoth Cave. Later in the season some trial excavations 
were carried out in several of the Green River sites and positive results 

were obtained in two places, viz., in Mammoth Cave and in a small 

unnamed rockshelter about six miles lower down the river. 

The discovery in Mammoth Cave consisted of a stratified relic-bearing 

deposit ranging from a few inches to about 4 feet in depth and forming 

part of the floor debris of the large entrance vestibule. In some places 

the refuse reached the surface of the cave floor while in others it was 

buried under as much as 4 feet of sterile cave earth and rock laid down 

unquestionably by modern man. The body of the refuse was composed 
largely of ashes, being presumably the slow accumulation of aboriginal 

hearth fires. In this matrix was found a considerable quantity of crushed 

animal bones among which have been distinguished the deer, beaver, 

opossum (?), turtle, bat and several birds; as well as numerous shells 

representing two or three species of fresh-water bivalves,—all of it 



194 ANTHROPOLOGY: N. C. NELSON 

together being nothing more nor less than ‘kitchen’ refuse. Isolated 

portions of the human frame, such as, for example, the distal end of an 

adult femur, a small fragment of a pelvic girdle and several teeth, were 

met with at different levels in the deposit; but the remains are not, as 

might be supposed, in such a state as to suggest cannibalism. Of 

artifacts in a stricter sense of the term there were obtained a small 

series of awls and other pointed implements made from bone and antler, 

many of them being simply improvised from splinters while a few were as 

perfect as anything of the sort found in America. The flint specimens 

consisted of numerous reject flakes (some of them apparently used) 

and five or six chipped blades, mostly fragmentary. Of workmanship 
in shell there came to light two perforated pendants and several half- 

shells that may have served as spoons or scrapers. Finally, there were 

uncovered three more or less crude pestle-like objects made of limestone. 

And that was all. Several test trenches were opened at different places 

and quite a number of cubic yards of the refuse was most carefully 

worked over, but without avail. Not a trace could be found either of 

maize or of pottery or of any of the finer forms of polished stone work 

otherwise so characteristic of the general region. The absence of these 

things in Mammoth Cave may be an accident but if so it is most extra- 

ordinary. 
The second discovery, as previously stated, was made in a rock- 

shelter about six miles down the Green River, in the bluff opposite the 

lower end of Boardcut Island. The place is about three miles in an 

airline from the Mammoth Cave. Here in the natural floor earth was 

found a thin stratum of ashes containing bits of flint and also fragments 

of pottery. A little deeper down was laid bare a stone-grave burial 

of the type so often met with in that section of the Mississippi basin 

and generally accepted as of relatively late date. Unfortunately 

nothing whatever accompanied the interment, and as conditions did 

not permit digging more than the one test pit no complete artifacts 

were obtained from the shelter. 

The significance of these two isolated horizons of culture, briefly 

stated, seems to be that we have evidence in the one instance of an 

agricultural people and in the other of a people who lived mostly if 

not entirely by hunting. The rockshelter horizon being clearly associ- 

able with the later developments in the Moundbuilder area, we must 

assume the cultural segment in the Mammoth Cave to antedate it. 

At the same time it should be emphasized, in conclusion, that the 

Mammoth Cave horizon, in view of the faunistic remains accompany- 

ing it, cannot in any absolute sense be regarded as ancient. 
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A detailed discussion of these investigations will appear in the Anthro- 

pological series of the American Museum of Natural History, New York 

City. 

THE PRODUCTION IN DOGS OF A PATHOLOGICAL CONDITION 
WHICH CLOSELY RESEMBLES HUMAN PELLAGRA 

By Russell H. Chittenden and Frank P. Underhill 

SHEFFIELD LABORATORY OF PHYSIOLOGICAL CHEMISTRY, YALE UNIVERSITY 

Communicated, February 2, 1917 

The nutritional diseases designated as beri beri, scurvy and pellagra 

are currently believed to be induced by a deficiency in the diet of some 

undefined but essential constituent or constituents. From the experi- 

mental standpoint the pigeon is peculiarly sensitive when the diet fails 

to provide a sufficiency of these unknown but essential food substances, 

and polyneuritis develops. The symptoms of polyneuritis in birds 

closely resemble those of beri beri in man. The guinea pig has proved 

to be especially susceptible to scurvy. On the other hand, pellagra in 

the ordinary laboratory animals is rarely mentioned. 

We have accomplished the experimental production in dogs of a 

diseased condition which closely resembles human pellagra. The 

characteristic phenomena are readily evoked.by feeding these animals 

a diet consisting of boiled (dried) peas, cracker meal and cotton seed oil, 

or lard. The ingestion of suitable quantities of meat causes the symp- 

toms of disturbed nutrition to disappear. On the other hand, if the 
amount of meat contained in a selected mixed diet is insufficient, the 

same evidences of abnormality may be exhibited. The symptoms 

appear in varying periods of time which may be altered by changes in 

the character of the diet. 
The onset of the symptoms is generally very sudden. Usually the 

first abnormal manifestation in dogs is a refusal to eat, and cursory 
examination reveals nothing to account for the loss of appetite. The 

animal lies quietly in its pen and is apathetic. After continued refusal 

to eat for a day or two, the mouth of the dog presents a peculiar and 

characteristic appearance, in that the inner surface of the cheeks and 

lips, and the edges of the tongue, are so covered with pustules as to 

give the impression of a mass of rotten flesh. The odor from the tissues 
is foul. The mucous lining of the mouth comes away in-shreds when 

stroked with absorbent cotton. Intense salivation exists. The teeth 

remain normal. A bloody diarrhoea is present, attempts at defecation 
being very frequent, and resulting in the passage of little more than a 
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bloody fluid of foul odor. In some cases the thorax and upper part of 

the abdomen may contain many pustules one half an inch in diameter 

and filled with pus organisms. No other skin lesions are prominent. 

Death usually results without any particularly striking features. 

In some instances convulsions constitute a distinctive symptom which 

may or may not be manifested simultaneously with the abnormal 

symptoms already described. 

At autopsy two types of conditions are recognizable. In the animals 
presenting foul mouth and bloody diarrhoea the chief interest centres in 

the lower bowel and in the rectum which exhibit an intense hemorrhagic 

appearance. With those animals dying rapidly from convulsions the 

only visible abnormality of the alimentary tract is the presence in the 

duodenum of one or more large ulcers. 

The detailed data of the investigation which will be published else- 

where justify the following summary and conclusions: 

Dogs fed upon a diet consisting of boiled (dried) peas, cracker meal 
and cotton seed oil, or lard, rapidly develop symptoms indicating 

abnormal nutrition. This condition eventually terminates in death. 

Previous to the development of the pathological manifestations the dogs 

are usually in nitrogen balance and exhibit excellent food utilization. 

The nitrogen partition of the urine is normal when compared with that 
of animals maintained upon the same level of nitrogen intake. 

The pathological symptoms at times can be made to disappear and 

the normal condition of nutritional rhythm can be re-established by the 

addition of meat to the dietary. 

In the production of the symptoms it is immaterial whether the 
transition from a diet containing meat to one of vegetable origin is 
sudden or gradual. The final outcome is the same in both cases. 

The intake of a large quantity of peas is less detrimental than smaller 

amounts. 

In the development of the pathological condition the level of nitrogen 

intake as such plays little or no rdle. 

The typical symptoms may be induced in dogs, but with much greater 

difficulty, when a diet containing meat, cracker meal and lard is fed in 

appropriate quantities. For the production of the diseased condition 

the meat intake must be reduced to a certain undefined minimum. 

Under these circumstances less than fifty per cent of dogs exhibit patho- 

logical symptoms and these may appear in periods of two to eight months. 

From the facts enumerated the conclusion seems tenable that the 

abnormal state may be referred to a deficiency of some essential dietary 
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constituent or constituents presumably belonging to the group of hitherto 

unrecognized but essential components of an adequate diet. 

In the essential features the pathological manifestations described 

in this investigation closely resemble those which may be observed in 

human pellagra. 

THE COMPLETE ENUMERATION OF TRIAD SYSTEMS IN 15 
ELEMENTS 

By F. N. Cole, Louise D. Cummings, and H. S. White 
Read before the Academy, November 14, 1916 

If any set of 15 points are joined by all the possible 105 connecting 

lines, then these may be combined in sets of three to form 35 triangles. 

The marks or ‘elements’ designating the three vertices are a sufficient 

description of any one triangle, and a list of all 35 triangles constitutes 

a ‘triad system on 15 elements.’ Two such sets of triangles are essen- 

tially alike if a renaming of its points turns the one list into the other; 

if that cannot be done, the two lists or systems are essentially differ- 

ent. How many essentially different triad systems can be formed of 

a given number of elements, is a question of much difficulty, never 

before answered when the number of elements is 15 or more. For 13 

elements there are but 2 different systems, for 9 or 7, only one. The 

present paper shows that for 15 elements, there are exactly 80 different 

systems. This conclusive result is established by Mr. Cole. 

Three years ago the dissertation of Dr. Cummings increased the number 

of known triad systems on 15 elements from 10 to 24, and furnished a defi- 

nite method for comparing systems and verifying their difference or equiv- 
alence. All the new systems found by Miss Cummings contained a ‘head’ 

—a triad system on 7 of the 15 elements, while one exceptional system 

among the 10 previously known was ‘headless,’ a system constructed by 

Heffter. But all of them admitted groups of transformation into them- 

selves, and it was suspected that the possession of a group might be a 

necessary property of triad systems. Mr. White takes the group for a 

starting-point; finds seven types of substitutions, one or more of which 

must occur in the group; and constructs all the district triad systems for 

each of those seven typical substitutions. This gives as a gross result 83 

systems. By two methods, that of Miss Cummings (by sequences) and 

one introduced by Mr. White (by trains) these are tested, duplicates 

are eliminated, and the net result is found to be 44 systems. Of these, 

exactly 23 exhibit heads and are equivalent to those in Miss Cummings’ 

list, while 21 are headless, including the one such (Heffter’s) previously 
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known and twenty new ones. The orders of the groups are 2, 3, 4, 

5, 6, 8, 12, 21, 24, 32, 36, 60, 168, 192, 288, and 20160. 

Groupless systems on 31 elements were next found (see these Pro- 

CEEDINGS, 1, 1915, 4), and the question was raised whether possibly 

groupless systems could exist in 15 elements. This question is answered 

by the actual construction of several such systems by Mr. White and 

Miss Cummings. But while their empirical method is productive, it 

is not deductive and so could not be shown to be exhaustive. A new 

starting-point and a new method are requisite, to insure a complete 

survey of groupless systems as well as the better known kinds. This 

method was furnished, and its tedious and difficult execution under- 

taken, by Mr. Cole. 

Starting out with the four possible openings: 

I 123 167 189 11011 11213 11415 

SMe ee he 246 278 2910 21112 21314 2515 

het 123 to 167 189 11011 11213 11415 

j 246 258 279 21012 21114 21315 
Ul 123 pe 167 189 11011 11213 11415 

J gael res 246 257 2810 2912 21114 21315 
Iv 123 SS 167 189 11011 11213 11415 

Baya esac 246 257 2810 2911 21214 21315 

which, from the mode of interlacing of the triads containing 1 with 

those containing 2, may be called dodekad, hexad, single tetrad, and 

triple tetrad types, respectively, he began by proving that no system 

could be built up with interlacings of type I alone. Then it was found 

that with types I and II alone only one system was possible: that al- 

ready found by Heffter. _With this one exception ‘every triad system 
in 15 letters has an interlacing of type III or IV. 

The census was next continued by working out all the systems con- 

taining type IV. These included most of the systems with a 7-head 

(triad system in 7 of the 15 letters); a brief excursus covered the re- 

mainder of the 7-head systems. There were in all 23 systems with 
7-head and 38 without 7-head. 

There remained the systems with type III but not type IV. These 

were divided into two classes: (1) those with a ‘semi-head:’ 123 145 
167; 246 257; 347; and (2) those without semi-head. Of the former 

there were 3, of the latter 15. ; 

The total number of types of triad systems in 15 letters therefore 
proves to be 80. 

Proof that the 44 systems with groups are different is based on the 

set of trains belonging invariantively to each system. There are over 
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200 kinds of trains altogether, represented in their connection by graphs, 

so that a glance furnishes intuitive evidence of their essential difference. 

For the groupless systems Miss Cummings gives a table of the indices 

which represent the sequences of each system, and comparison is not 

difficult. She exhibits also a table of the four varieties of interlacing 

of pairs, as distinguished by Mr. Cole, showing how many of each kind 

are found in each system. These latter data alone are found, in eight 

cases, to fail to discriminate two systems actually different. Perfect 

discrimination would almost certainly be possible by the use of a double 

entry table, 15 by 15, showing the exact distribution of tetrads, hexads, 

oktads, and dodekads. 

NEW DATA ON THE PHOSPHORESCENCE OF CERTAIN 
SULPHIDES 

(DISCUSSING MEASUREMENTS BY DRS. H. E. HOWE, H. L. HOWES AND 
PERCY HODGE) 

By Edward L. Nichols 

DEPARTMENT OF PHYSICS, CORNELL UNIVERSITY! 

Read before the Academy, November 14, 1916 

Ph. Lenard to whom we owe extended studies of the class of highly 

phosphorescent substances known as the Lenard and Klatt? sulphides, 

describes* the spectrum of the emitted light as consisting of a single 

broad band in the visible spectrum. This band which appears single 

in most cases, as viewed with the spectroscope, does not however con- 

form to the recognized criteria. The marked difference between the 
color of fluorescence and that of phosphorescence and the changes of 

color during decay, suggest over-lapping bands. As shown by E. 

Becquerel‘ the color of the emitted light varies with the wave length 

of the exciting rays. His observations apply, it is true to sulphides of 

barium, calcium and strontium not identical with the preparations of 
Lenard and Klatt, but belonging to the same class. In a recent paper® 

I gave more direct evidence of the existence of more than one band in 

the spectra of these substances. 

In their original paper? Lenard and Klatt depicted these spectra as 

complex instead of single; but in both the earlier and the later papers 

attention is given rather to the mode of excitation than to the character 

of the phosphorescent light itself and the regions of excitation in the 
violet and ultra violet are carefully mapped. 

Significance of the Bands of Excitation.—It seemed probable that these 

regions of maximum excitation, the positions and appearance of which 
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had long since been depicted by Becquerel, were due to the presence of 

absorption bands. Dr. H. E. Howe, who was employed last summer 

in the study of ultra violet absorption spectra, was kind enough to test 
this hypothesis. 

In his experiments the phosphorescent substance was exposed to the 

continuous ultra violet spectrum of the powerful submerged aluminum 
spark described by Henri® and subsequently employed by Howe’ in 

his study of absorption spectra. The bands of excitation (Erregungs- 

bande of Lenard) were thus located and with these absorption bands of 

the phosphoresent substance, obtained by reflection, were shown to 
coincide in position and extent. In the case of a barium sulphide with 

lead as an active metal, the crests of the bands of excitation were at 0.380z 

and 0.3354. Lenard gives for a sulphide of similar composition, 0.377 

and 0.332y. 

The crests of the absorption bands are at 375y and 332y. Similar 

coincidences were established in the case of Sr, Zn and Sr, Pb sulphides 

and the relation is therefore probably a general one corresponding to 

that already established in the case of the selective activity of infra 

red rays upon the phosphorescence of zinc sulphide,’ where the maximum 

effect was found in regions of maximum absorption. 

Spectrophotometric Measuremenits—A detailed spectrophotometric 

study reveals widely varying degrees of complexity in the spectra of 

these sulphides. 

Dr. H. L. Howes kindly made for the writer very careful measurements 

of three characteristic compounds. Settings were made at intervals 

of 50 Angstrom units throughout the spectrum. 

The curves thus obtained show the existence of many overlapping 

bands so nearly merged that to the eye the appearance is that of a single 
simple band. There is moreover a distinct suggestion of a systematic 

relation. 

Taking the relative frequencies, i.e., reciprocals of the approximate 

wave lengths of the crests (1/u X 10*) it is found that the over-lapping 

bands are members of one or more series of constant frequency interval; 

which interval varies for the different sulphides. 
Whether the spectra under consideration are to be regarded as con- 

sisting of a single band or of more than one band is not a question of 

complexity of structure. 

Any system however complex which behaves as a unit under varying 

conditions of temperature, mode of excitation, etc., all the components 

being affected in like manner, may be considered as a single band in the 

sense in which that term has been used by Lenard. We have a striking 
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example indeed of such bands or systems of great complexity of structure 
in the case of the urany] salts. 

The evidence that, in general, the spectra of the phosphorescent 

sulphides contain more than one band or complex has already been 

mentioned, e.g., the marked changes of the color of phosphorescence 

with temperature and during the process of decay. 

The Decay of Phosphorescence in Different Parts of the Spectrum.— 

To obtain the curve of decay for a restricted region of the spectrum Drs. 

Howes and Hodge used a spectrophotometer in combination with the 

synchrono-phosphoroscope. In this way a set of curves corresponding 

to several nearly equidistant regions within the phosphorescent spectrum 

were obtained for each of the three sulphides under consideration. 

A notable feature of all these curves is the existence of two so-called 

linear processes the first of steeper slope and therefore indicative of a 

more rapid decay of phosphorescence than the second. This form of 

curve, as is well known, is characteristic of phosphorescent substances 

in general, the only well established exceptions being those occurring 

in the case of the uranyl salts.? As regards the relation of the two pro- 

cesses recorded in these diagrams to what appear as the first and second 

processes in the usual study of the long time phosphorescence of such sul- 

phides, it is clear that the second process in our curves is not identical 

with the first process as observed by the usual long time methods. 

Assuming the second process to continue, the intensity after one second 

would be about 1/1000 of that at 0.01 second or roughly 1/20,000 of its 

initial brightness whereas as is well known these substances retain an 

easily visible phosphorescence after many seconds. 

Owing to the over-lapping of the components in the spectra under 

consideration it is difficult to determine whether the group of equidistant 

bands are to be regarded as a unit, as is in the case of the uranyl salts 

or indeed whether they constitute the whole of the phosphorescence 

spectrum. To that end some method permitting of more complete 

resolution must be devised. 

The pronounced changes in the color of the phosphorescent light 

would make it seem probable that we have to do in these observations 

chiefly with components of the phosphorescence that are of rapid decay 

and that, after a few hundredths of a second, these disappear leaving 

behind other components which constitute the phosphorescence of 

long duration. These, which are probably of relatively insignificant 

initial brightness, doubtless overlap the phosphorescence of short dura- 

tion but occupy, as a whole a somewhat different portion of the spectrum. 

In that case since one has to do with a different group of bands in 
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observing the initial and the later phases of phosphorescence there would 

be an actual discontinuity between the processes referred to above and 

those in the curves for the phosphorescence of slow decay. 

Summary.—(1) The regions of selective excitation (the bands of 

excitation) for the Lenard and Klatt sulphides are shown to coincide 

in position and extent with absorption bands in the transmission spec- 

trum of the substances. 

(2) The spectrum of the phosphorescent light during the first few 

thousandths of a second after the close of excitation, contains one or 

more groups of over-lapping bands the crests of each group forming a 
spectral series having a constant frequency interval. 

(3) The decay of phosphorescence during the first three hundredths 
of a second after the close of excitation may be described as consisting 

of two processes each showing a linear relation between J~* and time. 

The first and more rapid process lasts for less than 0.01 second for the 

three sulphides studied under the intensity of excitation employed. The 

second process probably persists for 0.06 seconds or more. 

(4) The phosphorescence of long duration of the sulphides under 
consideration is probably due to another group of bands of comparatively 

feeble initial brightness which come under observation only after the 

phosphorescence of short duration has vanished. 

1 The investigation was carried out in part with apparatus purchased by aid of a grant 

from the Carnegie Institution of Washington. 

2 Lenard and Klatt, Ann. Physik, Leipzig, (Ser. 4), 15, 1904, (225). 

* Lenard, Ibid., 31, 1910, (641). 
* Becquerel, E., La Lumiére, Vol. 1, 1861. 

5 Nichols, Philadelphia, Proc. Amer. Phil. Soc., 55, 1916, (494). 

® Henri, V., Physik. Zs., Leipzig, 14, 1913, (516). 
7 Howe, Physical Rev., Ithaca, (Ser. 2), 8, 1916, (637). 

8 Nichols and Merritt, Washington, Carnegie Inst., Pub., No. 152, (84). 

9 Nichols, these PROCEEDINGS, 2, 1916, (328). 

THE REACTIONS OF THE MELANOPHORES OF THE HORNED 
TOAD 

By Alfred C. Redfield 

ZOOLOGICAL LABORATORY OF THE MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE* 

Communicated by G. H. Parker, February 3, 1917 

The reactions of the melanophores of the horned toad Phrynosoma 

cornutum are of three distinct types: (1) Those which manifest them- 

selves in a daily rhythm of reactions, correlated with definitely changing 

*Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 

at Harvard College, No. 292. 
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conditions of illumination and temperature; (2) those which result 

in an approximation of the color of the skin to that of the substratum 

on which the lizards live; and (3) those occurring during nervous 

excitement. 

The daily rhythm of melanophore reactions consists in an expansion 

of the melanphore pigment, and a consequent darkening of the skin, 

in the morning and afternoon, and a contraction of the melanophore 

pigment and a paling of the skin at mid-day and at night. These re- 

actions are due to the interaction of illumination and temperature upon 

the pigment cells. At mean temperatures (20°C. to 30°C.) the melan- 

ophore pigment is expanded in the light and contracted in the dark. 

In this way the coloration of the skin in the morning, afternoon, and 

night is explained. At higher temperatures the melanophore pigment 

is contracted irrespective of illumination; the pale coloration of the 

skin at mid-day is thus explained. At lower temperatures the melano- 

phore pigment is expanded irrespective of illumination. 

The responses of the melanophores to illumination and temperature 

are due to the direct action of these stimuli upon the pigment cells or 

some closely associated tissue, for: (1) a local illumination, a local 

shadow, or a local heating of the skin produces a local reaction of the 

melanophores; (2) the reactions to illumination and temperature take 

their normal course in regions of the skin which have been isolated from 

the nervous system. 

The adaptive reactions of the melanophores are initiated by stimuli 

received through the eyes. If horned toads are blindfolded, no adap- 

tive reactions take place. This inhibition of the reaction is not due to 

the mechanical effects of blindfolding. Upon the adaptive reactions 

are superimposed the daily rhythm of color changes, with the result 

that lizards adapted to a dark substratum become paler at night and 

at mid-day, while lizards adapted to a light-colored substratum be- 

come darker in the morning and afternoon. 

During states of nervous excitement the melanophore pigment of 

the horned toad is so contracted that the color of the skin becomes pale. 

This reaction is brought about by any noxious stimulus, such as pro- 

longed mechanical or faradic stimulation, holding an animal on its 

back, or prying open its mouth. The reaction occurs irrespective of 

illumination, temperature, or the adaptive condition of the skin. The 

codrdinative mechanism, by which a local noxious stimulus brings about 

a reaction of the melanophores of the entire body is described in the 
following paper. Probably this mechanism also carries out the adaptive 

reactions of the melanophores. 
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THE COORDINATION OF THE MELANOPHORE REACTIONS OF 
THE HORNED TOAD 

By Alfred C. Redfield 

ZOOLOGICAL LABORATORY OF THE MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE! 

Communicated by G. H. Parker, February 3, 1917 

In a foregoing paper (Redfield, 1916)? it was pointed out that the 
melanophores of the horned toad Phrynosoma cornutum are coér- 

dinated by a hormone, produced during nervous excitement, which 

causes its pigment to contract. The following considerations indicate 

that this hormone is adrenin, the secretion of the adrenal glands. (1) 

Adrenin in very minute subcutaneous doses causes a contraction of the 

melanophore pigment. (2) The adrenal glands exhibit the chromaffin 

reaction and their extract not only yields a characteristic physiological 

test for adrenin, but causes the melanophore pigment to contract when 

injected subcutaneously into a horned toad. (3) Faradic stimulation 

of the adrenal glands causes a contraction of the melanophore pigment 

of the skin. (4) The occurrence of “emotional” hyperglucemia in 

the horned toad indicates that adrenin is secreted during nervous excite- 
ment. (5) The melanophore pigment is- contracted under conditions 

known to produce adrenal secretion in mammals, i.e., asphyxia, ether 

anaesthesia, morphia and nicotine poisoning. (6) Removal of the ad- 
renal glands blocks the reaction of the melanophores, so that no con- 

traction of the pigment accompanies nervous excitement. In the 

majority of individuals it is necessary to destroy the nervous system 

supplying a part of the skin (an operation which of itself does not block 

the melanophore reaction) before this effect of adrenalectomy manifests 

itself. 

The melanophores are also under the direct control of the nervous 

system. Stimulation of the sciatic nerve causes a contraction of the 

melanophore pigment of the leg. Transection of the spinal cord pre- 

vents the melanophores posterior to that region from being affected, 
when, as a result of nervous excitement, the melanophore pigment of 

the remainder of the skin contracts. It is necessary that the adrenal 
glands be removed before this procedure; otherwise the secretion of 

adrenin will cause a contraction of the melanophore pigment of the | 

entire body, and thus mask the effect of the operation upon the nervous 

system. 

The nervous system and the adrenal glands act in a supplementary 

way in codrdinating the reactions of the melanophores, both being 

called into action during nervous excitement. The fact that the melan- 
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ophore pigment is contracted by adrenin may be taken as a strong indi- 

cation that the melanophores are under the control of the sympathetic 

division of the autonomic nervous system (Elliott, 1905). A resem- 

blance therefore appears between the mechanism codrdinating the 
melanophores of the horned toad and that coérdinating the smooth 

muscles of the mammalian body. 

Smooth muscles commonly possess a double innervation, each con- 

tractile element being influenced by fibers from the sympathetic and 

from the cranial or sacral division of the autonomic nervous system. 

These pairs of fibers act in an opposite sense upon the muscle. Here- 

tofore no analog of the cranial-sacral division has been demonstrated 

to affect melanophores. The melanophores of the Florida chameleon, 

Anolis carolinensis, are controlled by nerves belonging to the autonomic 

nervous system, impulses from which cause their pigment to expand 

(Carlton, 1903).4 If these fibers belong to the sympathetic division 

of the autonomic nervous system, adrenin should have a similar effect 

upon the pigment cells. Adrenin, however, contracts the melanophore 

pigment of Anolis. It is suggested, consequently, that the melano- 

phores of Anolis are controlled by fibers analogous to the cranial-sacral 
autonomic nervous system of mammals. It is not improbable that 

both divisions of the autonomic nervous system are in control of the 

melanophores of many vertebrates, but only that division manifests 

itself which dominates when the nerve trunks are stimulated. 

The resemblance between the coérdinative mechanism of melano- 

phores and smooth muscles supports the contention of Spaeth (1916)5 

that these pigment cells are functionally modified smooth muscle cells. 

The fact that this mechanism is brought into action during nervous 

excitement indicates that the physiological basis of emotional mani- 

festations is similar in reptiles and mammals. 

1 Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 

at Harvard College. No. 293. 
2 Redfield, A. C., The codrdination of chromatophores by hormones, Science, New York, 

N. S., 43, 1916, (580-581). 
* Elliott, T. R., The action of adrenalin, J. Physiol., London, 32, 1905, (401-467, 2 figs.). 

* Carlton, F. C., The color changes in the skin of the so-called Florida chameleon, Anolis 
carolinensis Cuv, Proc. Amer. Acad. Arts Sci., Boston, 39, 1903, (257-276, 1 pl.). 

5 Spaeth, R. A., Evidence proving the melanophore to be a disguised type of smooth 

muscle cell, J. Exp. Zodl., Baltimore, 20, (193-215, 2 figs.). 



cf 
* 
es 

fe 
ot 

* 

, 
¢ 

206 GEOLOGY: E. C. JEFFREY 

PETRIFIED COALS AND THEIR BEARING ON THE PROBLEM 
OF THE ORIGIN OF COALS 

By Edward C. Jeffrey 

BOTANICAL LABORATORY, HARVARD UNIVERSITY 

Communicated by J. M. Clarke, February 3, 1917 

In recent years I have published two preliminary articles on the 

conditions of formation of coal based upon a study of the internal 

organization of a large number of coals from various geographical regions 

and different geological horizons.” The success of these investigations 

has been based on improved methods, which are recorded in an article 

recently published.? The conclusion reached, contrary to the usually 

accepted opinion supposed to be based on reliable stratigraphic evidence 

is that coal is not in general a deposit laid down in situ but is composed 

of drift materials deposited in open water. The arguments from struc- 

ture for this opinion seem to be overwhelming, for the typical organiza- 

tion of the numerous coals investigated is entirely canneloid. Since 

cannel coal is universally conceded to be a deposit accumulated in open 

water, it follows that the great mass of coals must have been accumu- 
lated under similar conditions to those admitted for cannels and oil 

shales as a consequence of their structure. The present writer accord- 

‘ingly on the basis of new facts arrived at by new and improved 

methods, must announce his adhesion to the doctrine of coal formation 

long held in France, namely that this invaluable mineral is formed of 
drift material laid down in open water and does not correspond at all 

to the peat deposits formed on land in the present epoch and in temper- 

ate climates. 

The strongest argument supplied from the structural standpoint for 

the origin in place of coal is that provided by petrified coals, or as they 

are often designated ‘coal balls.’ A very interesting summary account 

of these structures, with special reference to those occurring in the 

British Isles, was published some years ago. The conclusion is here 

reached that the Upper Foot Seam as well as other English and Conti- 

nental seams of higher and lower geological level, which contain the masses 

of petrified vegetation known as ‘coal balls’ consist of vegetable materials 
accumulated in sea water or at least water that was saline. The pres- 

ervation of the remains during the years of accumulation is attributed 

to the antiseptic properties of sea water. It is apparently an unneces- 

sary assumption since very delicate vegetable structures are found at the 

present day at depths of from three to ten meters in post glacial lacus- 

trine accumulations. It must further be pointed out that the laying 
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down of vegetable materials in saline estuarial basins, even if this mode 

of accumulation be conceded, is very far from complying with the 
conditions of in situ formation. 

An interesting feature of the organization of ‘coal balls’ which ap- 

parently has not previously been emphasized vouches strongly for the 

accumulation of their constituents under open water conditions. Very 

frequently masses of charcoal are found distributed irregularly and 
without any principle of stratification through the petrified substance 

of the ball. This burned material irregularly disposed can only be 

explained naturally as the result of the washings of the relics of forest 

fires into open water, as often occurs in the case of our actual lakes. 

In figure 1 is shown part of a ‘coal ball’ showing on one side Cordaitean 

wood which had not been burned previous to mineralization and on the 

other side black woody material which shows all the evidence of trans- 

formation into charcoal. 

It is sometimes assumed that the occurrence of a peat-like organiza- 

tion in the coal balls vouches for their accumulation im situ. Nothing 

could be further from the truth. The use of the peat prober designed 

by the late Dr. C. A. Davis of the U. S. Bureau of Mines, in the case 
of lacustrine accumulations which are still covered by open water, has 

convinced the author that material, which superficially resembles ordinary 

peat is formed often at considerable depths, from the sinking of the water- 

logged twigs, leaves, cones, etc., of land plants to the bottom. Such 

an accumulation is shown in sections in figure 2, which represents mate- 

rial probed at about the depth of two meters under the open waters of a 
small lake in Eastern Quebec. It strikingly resembles in appearance 

the organization of the ‘coal balls’ shown in figure 1. An organization 

like that of land peat is consequently clearly not convincing evidence 

of the terrestrial origin in the case of masses of petrified coal. 

It will be convenient next to consider the organization of the coals 

which surround the petrifactions known as‘coal balls’. Figure3 illustrates 

the structure of a coal derived from the well known Upper Foot Seam 

of Lancashire, England, from which so many of the English ‘coal balls’ 

have been secured. The cutting of successful sections of coals from 

seams producing ‘coal balls’ has proved to be a matter of considerable 

technical difficulty on account of the lack of bituminous binding material 

in such coals. The coals in question have to be held together with 

wrappings during the process of softening and must receive just the right 

degree of treatment with hydrofluouric acid and nascent chlorine to 

furnish utilizable sections. The general results here recorded depend 

on the examination of the structure of the three different samples of 
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English coals containing ‘coal balls,’ which the author owes to the 

kindness of Dr. Marie Stopes of the University of London whose in- 

vestigations on the origin of these petrifactions are known to all (4). 

Through the kindness of Dr. M. Zalessky of the Comité Geologique of 

Petrograd similar coals have been secured from the great Donetz coal 

fields of Russia. To the administration of the Geologische Landesanstalt 

of Prussia, the author owes material of the dolomitic so-called ‘Torf- 

kohle’ of Westphalia. It will be seen that there has been no dearth of 

appropriate materials for investigation. The organization in every 

case has been proved to be the same and is that shown in figure 3. 
This represents a substance which is composed of darker and lighter 

bands, more or less interrupted by cracks in the matrix of the coal. 

The lighter zones correspond to modified woody material present in the 

original accumulation and the darker stripes to more perishable matter, 
to judge from the situation in the bottom deposits of existing lakes, 

often consisting of the excrements of aquatic animals, such as molluscs, 

fish and amphibia, as well as the more delicate and destructible parts of 

plants. Where the woody material is massive the resulting coal is 

frequently quite homogeneous in its character and corresponds to the 

lighter substance shown in figure 3. The type of organization shown in 

the figure under discussion is frequent in the higher grade coking coals 

of the United States, namely those of Pennsylvania and Virginia. Prac- 

tically no petrified coals however have yet been described for the North 

American continent. 

Figure 4 exemplifies the organization of a typical coal from Lan- 
cashire, England. This illustration shows the presence of a large number 

of light bodies, which are flattened spores. A very large spore (a so- 

called megaspore) is seen in the lower region, while innumerable smaller 
ones are scattered throughout the substance of the coal. In addition 

to the spores are seen bands of darker hue corresponding to much modi- 

fied wood and black zones which represent the more perishable parts of 
the original materials from which the combustible has been derived. 

The bands of the coal under discussion have their counterpart in similar 

structures shown in figure 3. In the coal ball however the innumerable 

spores of figure 4 are conspicuous by their absence. It will at once be 
apparent to the reader that ordinary bituminous coals are much more 

like cannels in their organization than like that of the seams in which 

the petrifactions known as ‘coal balls’ occur. It is thus clear that ordi- 

nary bituminous coal must, if structure is a reliable criterion of origin, 

have been produced under similar conditions to cannels. It is uni- 

versally admitted that cannel coals are of lacustrine origin and owe 
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FIG. 4 
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their accumulation to the bringing of vegetable material from elsewhere 

by air and by water transport. It follows that the commoner coals 
have had a similar derivation since they have practically an identical 

organization. 

It may be summarily stated in conclusion, that there is no good 
evidence that ‘coal balls’ are organized from material accumulated in 

situ. The facts that they often include isolated masses of charred 

vegetable matter and that identical material to that composing their 

substance is often accumulated under modern conditions, by transport 
and sedimentation in open water, furnish very strong evidence of their 

formation from transported material. Further the coals in which ‘coal 

balls’ have been found are abnormal coals singular by the absence of 

spore material which is a striking feature of the organization of typical 

coals of every geological age and all geographical regions. The struc- 
ture of the coals containing the ‘coal balls’ cannot consequently be used 

as an argument in favor of the in situ origin of coals in general, even if 

it were proved that they themselves had been accumulated in this 

manner, which, as has been shown above on the basis of the organiza- 

tion of ‘coal balls,’ is very far from being established. The great mass 

of coals by their close resemblance in organization to cannels show 
that they have been laid down under the open water and transport con- 

ditions, which are universally conceded for the coals of the canneloid 

category. A fuller account with evidence in greater detail will appear 
at a later date. 

1 Jeffrey, E. C., Economic Geology, 9, 1914, (730-742). 

2 Jeffrey, E. C., Chicago J. Geol. Univ. Chic., 23, 1915, (218-230). 
3 Jeffrey, E. C., Science Conspectus, Boston, 6, 1916, (71-76). 

4 Stopes and Watson, London Phil. Trans. R. Soc., B. 200, 1907, (167-218). 

THE EFFECT OF DEGREE OF INJURY, LEVEL OF CUT AND TIME 
WITHIN THE REGENERATIVE CYCLE UPON THE RATE OF 

REGENERATION 

By Charles Zeleny 

DEPARTMENT OF ZOOLOGY, UNIVERSITY OF ILLINOIS 

Communicated by E. G. Conklin, January 22, 1917 

1. Degree of Injury.—In a former series of papers the writer gave the 

results of experiments on the effect of degree of injury upon the rate of 

regeneration. A number of different species of animals and various 

combinations of injuries were involved. The results obtained tend to 

show that on the whole, within certain limits, the rate of regeneration 
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from an injured surface is not retarded by simultaneons regeneration in 

other parts of the body. Where a difference exists between the rates 

with and without additional injury there is usually an advantage in 

favor of the part with additional injury. The differences are however 

slight and in some cases come within the limits of probable error. It is 

only when the data are taken as a whole that it is possible to judge of 

the correctness of the general conclusion that within fairly wide limits 

of additional injury there is certainly no decrease in rate of regeneration 

but rather a tendency toward an increase. 

Additional data on these points have been obtained and a further 

analysis of the problem was made with a view to the determination of 

the effect of additional injury to a like organ as compared with addi- 

tional injury to an unlike organ. 

Two of the six experiments will be mentioned here. In the first the 

experiment consisted in the determination of the length of the regener- 

ating right fore-leg of the salamander, Amblystoma punctatum, under 

three degrees of injury; (1) when the right fore-leg alone is removed, 

(2) when its mate is also removed, and (3) when its mate and one-half 

of the tail are removed. The second degree involves the removal of 

additional material of the same kind and the third a further removal 

of material of a different kind. In every case it is the regeneration 

of the fore-leg that is used as the basis of comparison. 

At two days the average regenerated lengths of the fore-leg are re- 

spectively 0.13, 0.16 and 0.15 mm. for the three degrees of additional 

injury; at four days the corresponding values are 0.22, 0.36 and 0.29; 

at six days 0.42, 0.53 and 0.55; at eight days 0.66, 0.83 and 0.73; 

at ten days 0.91, 1.34 and 1.24; at twelve days 1.48, 1.60 and 1.61; 

at fourteen days 1.98, 2.19 and 2.29; at sixteen days 3.02, 3.01 and 

3.08; and at nineteen days 3.84, 3.64 and 3.90. In no case does the 

removed fore-leg with no additional injury to the animal give the high- 

est value for regeneration. In all but two of the cases it has the lowest 

value. 

The comparisons show that the regeneration of a fore-leg is not as 

rapid as when the individual is regenerating no other part of the body 

as it is when the other fore-leg is being regenerated at the same time. 

There is, however, no essential difference between the effect of addi- 

tional injury of a fore-leg and an additional injury of a fore-leg plus one- 

half of the tail. It may be that the effect of additional removal is con- 

fined to removal of a similar part. On the other hand, the accelerating 

effect may be found only within certain degrees of injury, the limit 

being exceeded by the highest of the three degrees. 
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In order to test further the view that the accelerating effect may be 

confined to additional removal of a similar organ a comparison was 

made of the regenerating tail lengths following removal of one-half of 

the tail under the two degrees of no additional injury and of removal 

of the two fore-legs. In such a case there is no difference in rate of re- 

generation of the tail. 
These experiments, together with others that have been made, when 

taken as a whole show that a part regenerates slightly more rapidly 

when additional material of the same kind is removed than when the 

part alone is removed. Simultaneous removal of tail material, how- 

ever, may not accelerate the regeneration of a leg and simultaneous 

removal of a leg may not accelerate the regeneration of the tail. The 

rate in these cases is, however, not decreased by the additional injury. 

The statement may therefore be made that within limits the regener- 

ation of a part is not retarded by simultaneous removal and regenera- 

tion of material in other parts of the body. When this additional mate- 

rial is of the same kind as that whose rate is being studied there may 

even be an acceleration of regeneration. 

2. Level of Cut.—That the level of the cut has an important influence 

upon the rate of regeneration has been made out by a number of inves- 

tigators. Their work indicates that regenerations from deeper levels 

are on the whole more rapid than from more superficial ones. The pres- 

ent data confirm this conclusion and make possible a further analysis 
of the relation. They show that within wide limits the length regen- 
erated in the tail of an Amphibian larva is directly proportional to the 

length removed. Within these limits therefore the length regenerated 

per unit of removed length is a constant. 

First and second regenerations of the tail in the tadpoles of Rana 

clamitans and first regenerations in the salamander, Amblystoma 

punctatum, give essentially the same results. Second regenerations 
of the frog will be taken as an example. The removed tail lengths were 

1.5, 2.8, 4.9, 8.4, 13.1 and 18.1 mm. or respectively 6, 10, 18, 31, 

49 and 67% of the original tail lengths. The regenerated lengths for 

these six levels ten days after the operation were respectively 1.0, 1.3, 

1.4, 2.3, 3.7, and 5.1 mm., an increase for each increase in depth of 
the level of injury. 

The specific lengths or lengths regenerated per unit of removed 

length as calculated from these values are respectively 0.67, 0.46, 

0.29, 0.28, 0.28 and 0.28, a close approach to constancy for removed 

lengths of 4.9 to 18.1 mm. Figures 1 and 2 give graphic representa- 
tions of these results. 
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An analysis of the progress of regeneration from the time of the oper- 

ation to the completion of the process shows that the proportional in- 

crease in regenerated length with the increase in removed length and 

resultant constancy in specific regenerated length applies only to the 

material produced by active cell division. During the first four days 

in frog tadpoles, when the regenerating part is made up almost entirely 

of cells that have migrated from the old tissues without division, there 

is no such relation. The length of new material at this time is not 

strikingly different for the different levels and the process seems to be 
a local response of the cells to the injury. 

us 28 49 84 4 wi 

Lengths removed in millimeters 

FIG. 1. RANA CLAMITANS. SECOND REGENERATIONS. TEN DAYS 

1s 2A ag Ley Wd BI 

Lengths removed in miltimeters 

FIG. 2. RANA CLAMITANS. SPECIFIC REGENERATED LENGTHS. TEN DAYS 

A complication in the relation between regeneration and level of the 

cut is introduced by the fact that the regenerated tail is not as long as 

the original one. A certain per cent only of the removed length is. re- 

placed, 40% or less for all except the levels near the tip. Also, the end 

of the process is reached sooner for the shorter than for the longer re- 

movals. From the deepest levels regeneration is still proceeding when 

it has stopped from the medium and shallowest ones. When all regen- 

erations are completed the specific lengths are therefore slightly greater 

for the longest removals than for the medium ones. 

As to the cause of the greater rates at the deeper levels little more 

can be said than that it does not seem to be due to inherent differences 
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in the cells at the different levels. If differentiation in the tail proceeded 

from the tip toward the base, the more rapid rates from the more basal 

levels might be explained by the more embryonic character of the cells 

at these levels. As the tip is approached the material would become 

more and more highly differentiated and therefore less and less capable 

of readjustment. There is however no evidence that differentiation 

proceeds in this way in this case. 

The progressive increase in rate with depth of level of the cut is un- 

doubtedly due to reactions which involve a more central control, a coér- 

dination of the functional activity as a whole. The period of cell mi- 

gration probably is only slightly subject to such control. It is a period 

in which the response is largely local in character. The rate of cell 

division which & the important factor during the period of rapid in- 

crease in length is however undoubtedly under central control. 

£8 & 88 

2 5 ? 9 2 182 

Days after the operauion 

FIG. 3. SPECIFIC RATES OF FIRST AND SECOND REGENERATIONS AT DIFFERENT TIMES 
AFTER THE OPERATION. RANACLAMITANS TAIL REGENERATION. UPPER FIGURE = SEC- 
OND, LOWER FIGURE = FIRST REGENERATION. 

3. Time within the Regenerative Cycle—The present analysis of change 

in rate of regeneration during the regenerative cycle was made in ex- 

tension of previous studies which showed that the increase in amount 

of material during regeneration follows the general rule of increase 

during an ordinary life cycle. The rate is slow at first, increases very 

rapidly to a maximum, then declines rapidly at first and then more 

and more slowly as zero is approached. 

The present study deals with tail regenerations in frog and salamander 

larvae. Large tadpoles of Rana clamitans which remained fairly con- 

stant in size during the course of the experiment were found to be the 

most satisfactory. They yielded results which were uniform enough 

for an analysis of the change in rate. The second regenerations are 

taken up here. The levels of removal averaged 1.5, 2.8, 4.9, 8.4, 
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13.1 and 18.1 mm. from the tip or respectively 6, 10, 18, 31, 49 and 

67% of the tail length. 

Since the specific regenerated length or length regenerated per unit 

of removed length is a fair constant for all levels between 4.9 and 18.1 

mm. the most reliable data on change in rate are obtained by averaging 

the specific rates for all the individuals with these levels of injury. 

The average specific rates per day obtained in this manner are 0.010 

mm. for the 0-4 day period, 0.045 for the 4-6 day period, 0.042 for 6-8 

eo 8--o- 8 13.2 
Days after the operation 

FIG. 4. ACCELERATION OF SPECIFIC RATE. FIRST AND SECOND REGENERATIONS OF 
THE TAIL IN RANA CLAMITANS. UNBROKEN LINE = FIRST REGENERATION. BROKEN 
LINE = SECOND REGENERATION. 

Percentage facrement per day 

s 7 9 11.2 15.2 
Days after the operation 

FIG. 5. PERCENTAGE INCREMENT PER DAY AT DIFFERENT PERIODS AFTER THE 
OPERATION. FIRST AND SECOND REGENERATIONS OF THE TAIL OF RANA CLAMITANS. 
UNBROKEN LINE = FIRST REGENERATION. BROKEN LINE = SECOND REGENERATION. 

days, 0.032 for 8-10 days, 0.025 for 10-12} days, 0.002 for 124-18 

days and 0.000 for 18-56 days (fig. 3). The specific rate reaches its 

maximum just before the end of the sixth day. 

The values for acceleration of specific rate are + 0.011 mm. from the 

0-4 to the 4-6 day period, 0.000 from the 4-6 to the 6-8 day period, 

—0.005 from the 6-8 to the 8-10 day period, —0.006 from the 8-10 

to the 10-124 day period, —0.004 from the 10-12} to the 124-18 day 

period and 0.000 from the 123-18 to the 18-56 day period (fig. 4). 
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The only plus value comes between the first two periods and the lowest 
values are between the 8-10 and the 10-12} day periods. 

An examination of these values and a comparison with the facts of 

histogenesis shows that acceleration of rate is a plus quantity only dur- 

ing the period before active differentiation of the cells has begun. The 

retarding effect is evident with the beginning of apparent tissue differ- 

entiation and by the ninth to eleventh days the negative acceleration 

is at its height. 

The percentage increments for the six periods represented are re- 

spectively 106, 28, 12,5, 0 and 0 (fig. 5). There is a very rapid decrease 

at first and then a slower and slower one as zero is approached. The 

data agree with those of ordinary growth. 

First regenerations of frog tadpoles gave results which were essen- 

tially similar to those for second regenerations. 

The data will appear in full in the University of Illinois Biological 

Monographs. 

PRELIMINARY NOTE ON THE DISTRIBUTION OF STARS WITH 
RESPECT TO THE GALACTIC PLANE 

By Frederick H. Seares 

MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 

Communicated by G. S. Hale, February 9, 1917 

A significant feature of the distribution of stars over the face of the 

sky is their concentration toward the plane of the Galaxy. Approach- 

ing the Milky Way from either side, we find that objects of all degrees 

of brightness become more and more numerous; with decreasing galac- 

tic latitude, the star-density regularly increases and attains a maxi- 

mum in the star clouds of the Milky Way itself, a fact long known and, 

as early as 1750, the basis of cosmological speculation by Thomas Wright 

of Durham.! The phenomenon was studied by both the Herschels, 

and more recently Seeliger, Celoria, Pickering, Kapteyn,? and Chap- 

man and Melotte,? among others, have given values of the stellar den- 

sity; and yet, from a numerical standpoint, the matter remains even 

now more or less an open question. 

Our knowledge of stellar distribution must include the total num- 

ber of stars per unit area at each galactic latitude, and, as well, of the 

number for each interval of magnitude from the brightest to the faint- 

est; moreover, the magnitudes themselves must be homogeneous and 

in accordance with a uniform scale. The Herschel counts, giving only 

totals to a certain limit near the 14th magnitude, do not satisfy these 
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conditions. Seeliger’s results, based mainly on the great Bonner Durch- 

musterung catalogues of nearly half a million stars, though affording 

results for graduated intervals of brightness, do not go below the 10th 

magnitude. Celoria’s counts include fainter objects, but, like those of 

the Herschels, are only totals for a certain range of magnitude. 

To revise these results and extend them to the stars within reach of 

modern telescopes, Kapteyn, in 1908, discussed all the reliable data 

then available. His magnitudes for the fainter stars are on the visual 

scale of Parkhurst,‘ and to the 15th magnitude depend on photometric 

standards. Beyond this his tables of distribution are extrapolated, 

but the changes with increasing magnitude are so regular that his values 

should be reliable to a somewhat fainter limit, provided the photometric 

standards are not in error. 

The latest study of stellar distribution, depending largely on the 

excellent photographs secured on the initiative of Franklin-Adams, is 

also of special interest. Transferring the scale of the Harvard Polar 

Sequence to thirty of the Franklin-Adams regions by means of inter- 

comparison photographs, Chapman and Melotte derived values of 

the star-density for magnitudes 12 to 17. Other plates gave results 

for the brighter stars, which also are referred to the Harvard photo- 

graphic scale. 

A comparison with Kapteyn’s results reveals two important facts: 

(a) Kapteyn’s total of stars in the whole sky to specified limits of 

magnitude is systematically the larger. Approximately 50% greater 

from the 4th to the 10th magnitudes inclusive, it increases rapidly 

for fainter limits, and at the 17th magnitude is 7 times that of Chap- 

man and Melotte. 

(6) With increasing magnitude, the galactic condensation (ratio 

of star-density at galactic latitude 5° to that at 80°) increases: 

17 

3 : i ‘ : : 44.8 
; ; : : ; 4.3 

Limiting Magnitude..... 5 

ES rr | 
Chapman and Melotte... 2.06 

To the 9th magnitude there is agreement, but beyond, Kapteyn’s 

values are greatly in excess. 

The difference noted in (a) is, in part, to be expected, for in one case 

the magnitudes are visual, in the other, photographic. The number of 

stars to a specified visual limit is necessarily greater than that to the 

same limit on the photographic scale, the excess depending on their 
color. To the 10th magnitude the two results thus agree well enough; 
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for but lower limits the differences suggest a divergence of the scales, 

or, perhaps, an increase in the average color of the stars. The faint 

stars are really redder, at least in certain regions; but, by itself, increased 

color is inadequate as an explanation. On the other hand, there is 

evidence that below the 10th magnitude Parkhurst’s photometric 

standards, upon which Kapteyn’s scale is based, are increasingly too 

bright. Kapteyn’s tabulated densities therefore properly apply to 
magnitudes which are fainter, by gradually increasing amounts, than 

those used as arguments for his tables. The probable amount of the 

scale divergence is sufficient to account for the relatively rapid increase 

of Kapteyn’s totals, which, in any case, must be associated mainly 

with the characteristics of the photometric standards; for the supposi- 

tion that Parkhurst’s scale is normal would imply that the fainter stars 

are very red, and Kapteyn’s large totals would then be referable to 

the high color thus presupposed. 
The differences in galactic condensation shown under (b) are more 

difficult to explain. Scale differences between galactic and non-galac- 

tic regions, and systematic errors in the counts depending on galactic 

latitude are factors which obviously might enter. Some information 

is given by the photographic magnitudes of stars in the Selected Areas 

now being determined at Mount Wilson.’ Ultimately these will yield 

results for graduated intervals of magnitude, but at present only total 

densities to the limiting magnitude of the plates are available. 

Loa, N, MW 
MAGNITUDE 

LOG MEAN NUM- 

BER STARS i 
GRONINGEN Loa. Ni, 

KAPTEYN 
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12,322 
6,010 
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1,743 
1,350 
987 
767 

4.12 | +0.74 
3.86 | +0.57 

3.53. | +0.37 

3.26 | +0.29 
3.10 | +0.28 
2.98 | +0.13 | 16.35 
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The counts, now complete for 88 areas, include nearly 40,000 stars. 

These have been divided into eight groups according to galactic latitude, 

as shown in the first four columns of the table. Variations in the limit- 
ing magnitude from plate to plate cause some uncertainty; but, since 
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each group includes eleven areas and the number in each area has been 

derived from the better of two photographs, the means per field cannot 

be seriously affected. The fields are small (one ninth of a square de- 

gree), but local variations of density: have been well eliminated and the 

mean number of stars increases uniformly with decreasing galactic 

latitude. With the exception of Zones I and II which include the ir- 

regular cloud-forms of the Milky-Way, the deviations from the smooth 
curve of the plotted data are only 2 or 3%. 

For comparison with other results the logarithms of the numbers of 

stars have been reduced to the latitudes in the fifth column and referred 

to the square degree as unit. The resulting logarithms of the star- 

density (number of stars per square degree brighter than the limiting 

magnitude) are in the sixth column. 

The zero point corrections of the Mount Wilson results have not yet 

been found, but since Pickering has determined the visual intensity 

of the central star of each Selected Area, the approximate limiting 

magnitude is known. His data fix the zero point and indicate a mean 

apparent limit of 17.1, but, to obtain the real limit on the photographic 

scale, this must be increased by the average color index of the central 

stars. Adopting 0.6 as the average color, we have 17.7; the counts 
are not complete, however, for the last few tenths of a magnitude, and 

we accept provisionally 17.5 photographic as the limit of the Mount 

Wilson densities. 

Since the results of Chapman and Melotte do not extend below the 

17th magnitude, their data used for the comparison in the seventh 

column of the table are for this limit. The Mount Wilson densities, 

referring to 17.5, should be the larger by approximately 50%. At 80° 

the excess is only 10%, but increases rapidly toward the lower latitudes, 

and at 5° the Mount Wilson value is 5.5 times that of Chapman and 

Melotte. This divergence is remarkable and, in its implications, serious. 

In comparing Mount Wilson and Groningen results, Professor Kap- 

teyn has called my attention to the importance of using thesame limit- 

ing magnitude for both series of counts, in order to avoid the disturb- 

ing effect of the rapid change in galactic condensation with magnitude 

previously alluded to. The magnitude on the Groningen scale cor- 

responding to the Mount Wilson limit can be interpolated from Kapteyn’s 

tables with the Mount Wilson values of log N, as argument. The 

results for each zone of latitude are in the eighth column of the above 

table. The agreement, excepting for the last two values is close and 
indicates a very satisfactory homogeneity in the counts. The mean 
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of 16.3 is accordingly the Groningen visual magnitude corresponding 

to the Mount Wilson limit, provisionally placed at 17.5 photographic. 

Of the difference between these quantities, perhaps half a magnitude 

is to be attributed to the color of the stars;,the remaining 0.7 or 0.8 

mag. is the indicated error of the Groningen scale, and agrees with what 

was to have been anticipated from evidence relating to the photo- 

metric standards of Parkhurst. 
Interpolating now from Kapteyn’s tables for magnitude 16.3, we 

obtain the densities in the ninth column, and, finally the differences 

in the last column. These are in nowise affected by the outstanding 

errors in the scales, and, though systematic, are very small. The values 

of the galactic condensation for the limiting magnitude here considered 

are, respectively, Kapteyn, 32; Mount Wilson, 21.4. 

The relation of the Groningen and Mount Wilson scales has been 

derived on the assumption that equal densities correspond to the same 

limit of brightness. Were the scales of the same kind—both photo- 

graphic or both visual—the difference in the limits for equal densities 

would be their relative error; as it is, the numerical difference in the 

limits must be apportioned between scale error and the influence of the 
color of the stars. With the distribution suggested above, the influ- 

ence of relative scale error would cause Kapteyn’s total at the 16th 

or 17th magnitude for all the stars to exceed by two or three times that 

indicated by the Mount Wilson counts. His values for the totals are 

probably to be decreased, though not by the amount suggested by the 

figures of Chapman and Melotte. 

In estimating the significance of the small divergence shown by the 

last column of the table, which tests the relative homogeneity of the 

Groningen and Mount Wilson counts, the following should be noted: 

Kapteyn’s values are extrapolated a magnitude or more beyond the 

limit for which he had photometric standards; and, for many regions, 

he experienced much difficulty in determining the necessary magnitudes. 
Further, the Mount Wilson counts are determined by the limiting mag- 

nitudes of the photographs, and although well distributed in latitude, 

variations from zone to zone may affect the totals. The agreement in 

distribution—even in the values of the galactic condensation, which 

are unduly influenced by the large deviation near the pole—is there- 
fore very good. 

A comparison of Mount Wilson with Chapman and Melotte for cor- 

responding magnitudes might also have been made, but the conclu- 

sions which would have followed were obvious, for the large divergence 



222 ASTRONOMY: F. H. SEARES 

shown in the seventh column of the table is little affected by differ- 

ences in the limiting brightness. This divergence indicates that, as 

compared with both Kapteyn and Mount Wilson, their results are not 

homogeneous; and noting, further, that the numerous and careful 

guages of the Herschels which extend to the 14th magnitude give a galac- 

tic condensation agreeing closely with Kapteyn (Herschel 12.9, Kapteyn 

11, Chapman and Melotte 3.9), one gains the impression that, through 

some unknown cause, their counts in the richer fields fail to include 
many of the fainter stars. 

1 Wright, T., Theory of the Universe, London, 1750. 

* Kapteyn, J. C., Pub. Asir. Lab. at Groningen, Groningen, No. 18, 1908, (1-54). This 

memoir includes bibliographical references to earlier investigations. 
% Chapman, B. A. and Melotte, P. J., Mem. R. Asir. Soc., London, 60, 1914 (145-173). 

‘Parkhurst, J. A., Researches in Stellar Photometry, Washington, Carnegie Inst., 

Pub., No. 33, 1906, (1-192). Similar results for the fields of several variable stars have ap- 
peared from time to time in the Astrophysical Journal. 

5 Seares, F. H., These PRocEEDINGS, 3, 1917, (188-191). 

A CORRECTION 

Professor Alexander McAdie has kindly drawn my attention to an error in 
dates occurring in my paper, Inferences Concerning Auroras, published in the 
Proceedings for January, 1917, pages 1-7. In reference to the “Aurora of 
April, 1883”, he has convinced me from his data that the particular event 
occurred on November 17, 1882. My mistake was due to faulty references, 
and in no way affects the general argument. 

ELIHU THOMSON. _ 
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RESEARCH COMMITTEES IN EDUCATIONAL INSTITUTIONS 

A very large proportion of the scientific research of the United States is 
conducted in the laboratories of educational institutions. It is now widely 
appreciated that contact with knowledge in the making is the most effective 
means of seizing and holding the student’s attention. And it is also recog- 

nized that no greater injury can be done to the cause of science than to com- 

pel a promising investigator, fresh from the researches of his graduate years, 
to relinquish all hopes of further studies because of the complete absorption 
of his time and energy by other duties. 

It is with the fullest appreciation of the difficulties which financial limita- 
tions involve, and with a sincere desire not to interfere with the just demands 

of the teacher’s profession, that the National Research Council invites the 

codperation of educational institutions in the promotion of research at this 
critical period in our national progress. We believe it to be feasible, with- 
out decreasing the efficiency of the university, the college, or the professional 
school as teaching institutions, to increase greatly their contributions to 
knowledge through research. Indeed, we do not hesitate to say that if a 
portion of the time now given to teaching were devoted to investigation, and 
if the courses of instruction were so altered as to take full advantage of this 
change, the educational efficiency of the institutions in question would be 
materially enhanced. In extending a request for the formation of Research 
Committees in educational institutions of high standards, which accord 
serious support to scientific research undertaken by the faculty and advanced 
students, we beg to call attention to some of the possibilities which lie open 
to committees of this character. 

In view of the importance of encouraging research on the part of members 
of the faculties of colleges which do not undertake graduate instruction, the 
invitation of the Council is not limited to universities and other institutions 
now giving specific recognition to research. It is highly important to encour- 
age competent men to continue the work of research begun in their univer- 
sity career, and a sympathetic Research Committee could help greatly in this 
respect. Even the existence of such a committee should serve as a valuable 
stimulus to men who properly look for some measure of encouragement. In 

small institutions, as an illustration cited below will indicate, powerful sup- 
port can be given to research by a body of men who genuinely appreciate 
its significance. 

Each Research Committee will doubtless discover its own best method of 
procedure, adapted to the circumstances of the case. The following sugges- 
tions, which embody the results of the discussions of the Council’s Com- 

ists 
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mittee on Research in Educational Institutions, may nevertheless be of serv- 

ice in organizing the work of the committees. 

(1) It will probably be advantageous to begin by preparing a survey of 
the research already in progress in the institution in question. This should 

serve to indicate the possibilities of extending existing work, and point out 

favorable opportunities for initiating new lines of investigation. 
(2) The Research Council will shortly undertake the preparation of a 

National Census of Research, indicating the equipment for research, the men 

engaged in it, and the lines of investigation pursued in government bureaus, 

educational institutions, research foundations, and industrial research lab- 

oratories. The purpose of the Census is to provide data for the effective 
development of research in pure science and in the industries, as well as for 

strengthening the national defense. The various Research Committees in 

educational institutions can aid the Council materially in securing data for 
the Census, and in supplying information for annual surveys of the progress 

of scientific research in the United States. 

(3) One of the great problems of research laboratories is to find suitably 

trained men to carry on their work. Nearly all of these men come from 

educational institutions, where every available means should be used to in- 

crease the supply. If research is encouraged on the part of faculty members, 

and if its national importance is frequently impressed upon the students, 

more of them will be impelled to follow the career of investigators. The 
tendency toward narrow specialization, so common at present, should be 

counteracted by developing more interest in science as a whole. Lectures 
on the history of science, and broad courses on evolution, covering its various 

aspects, from the constitution of matter and the evolution of stars and the 

earth, to the rise of man and the development of civilization, should be widely 

encouraged. From the purely educational viewpoint such courses may be 
expected to produce a more favorable influence and leave a more lasting 

impression than routine discussions of the minutiae of the various branches 

of science, though the latter are obviously essential in the training of the 
investigator. 

(4) The Council wishes to develop a wider appreciation of the part which 

men of science may play in researches bearing both on industrial progress and 

national defense, including those of ship design, aeronautics, the fixation of 

nitrogen, and many other subjects. Various committees of the Council will 

soon be prepared to furnish information regarding such research problems. 

(5) The development of more general codperation and codrdination in 
research, within each educational institution and in alliance with other workers 

outside, is another important subject for consideration. It is essential to 

remember, however, the necessity of safeguarding the personal freedom and 
the individual initiative of all investigators. 

(6) The interchange of research workers, especially to secure for the smaller 
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institutions the stimulus given by leaders of research, should be strongly 
encouraged. 

(7) The establishment of a large number of research fellowships, each 
yielding one thousand dollars or more annually, is very desirable. If stu- 

dents showing special aptitude in their work for the doctor’s degree could 
thus be enabled to devote themselves to research for a year or more, their 

future career as investigators might be assured. Research fellowships may 
be conferred by colleges on graduates who have taken their doctor’s degree 

elsewhere, or used to secure the services of non-graduates in research 
laboratories. 

(8) The time is also opportune to secure the establishment of research 

professorships and research endowments. The present appreciation of the 

national importance of research, and the increasing sense of personal obliga- 
tion to the state, will cause men of means to contribute more freely than ever 

before. 
(9) Most important of all is the encouragement of the spirit of research, 

and the development of a sympathetic atmosphere in which the investigator 

can work to the best possible advantage. 

Large institutions should easily be able to extend their research activities, 

but smaller ones may encounter greater difficulties. As a practical example 

of what can be done by small institutions in the promotion of the objects of 

the National Research Council, some results accomplished since June by 
Throop College of Technology, at the direct instigation of the Council, may 

be cited. The steps it has taken in connection with the work of the Council 
are as follows: 

Passage by the board of trustees of a resolution endorsing the objects of 
the Research Council and promising codperation and of a second resolution 

providing that in the event of war with a first-class power all available research 
men and facilities required for the solution of problems of national defense 
or public need may be counted upon by the Research Council. 

Provision of a new fund of two hundred thousand dollars as an endowment 
for research in physics. 

Appointment of Dr. Robert A. Millikan as Director of the Physical Labo- 

ratory (under an arrangement with the University of Chicago by which he 
is to spend a part of each year in Pasadena). 

Organization of a codperative attack on electron problems from the physi- 

cal, chemical, and astronomical standpoints, in which the physical and chem- 
ical laboratories of Throop College and the Mount Wilson Solar Observatory 
will take part. 

Provision of three research fellowships, yielding one thousand dollars each 

annually, to be awarded to men who have shown exceptional ability in their 
research work for the doctor’s degree. (Beloit College has also established, 
for a period of five years, a research fellowship yielding one thousand dollars 
annually.) 
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Provision of a wind tunnel and well equipped aerodynamical laboratory 

for researches on the structure of aeroplanes. 

Participation in a coéperative arrangement permitting the repetition at 
Throop College of Professor Michelson’s experiment on the tides within the 

body of the earth, to determine the possible influence of oceanic tides, and 
to serve as a part of the general study of Pacific Ocean problems undertaken 

by a committee of the National Academy of Sciences. 

CENTRAL COMMITTEES ON RESEARCH 

The National Research Council, with the codperation of the American As- 

sociation for the Advancement of Science, the American Chemical Society, 
the American Physical Society, the American Mathematical Society, and 

other national scientific societies, has established a series of central committees 

to organize research in the various branches of science. 

The purpose of these committees may be outlined as follows: 

(1) To join in the preparation of the National Census of Research. This 
will be taken by the Census Committee of the Research Council, of which the 
Chairmen of the various central committees are members. 

(2) To prepare reports embodying comprehensive surveys of the larger 

possibilities of research in the various departments of pure science, suggest- 
ing important problems and favorable opportunities for investigation. 

(3) To survey the economic and industrial problems of the United States, 

and report on possible means of aiding in their solution by the promotion of 

research in the fields represented by the various committees. (In codpera- 

tion with the Council’s Committee on the Promotion of Industrial Research.) 

(4) To indicate how investigators in each committee’s field can aid in the 

solution of research problems involved in strengthening the national defense. 
(In coéperation with the Military Committee of the National Research 
Council.) ° 

(5) To point out opportunities, national and international, for codperation 
in research, and to assist in the codrdination of the various agencies already 
established for this purpose. 

(6) To keep in touch with the Research Committees of educational insti- 
tutions, and to supply research problems, suggestions, or thesis subjects when 
requested to do so. 

(7) To serve as a national clearing house of information regarding research 
problems in each committee’s field which arise from scientific, industrial, 

and other sources, and are communicated to the Council by local Research 

Committees or other agencies. 

(8) To promote research by such other methods as may prove advisable, 

including the encouragement of such courses of instruction in educational 
institutions as are best adapted to develop greater breadth of view, a wider 

understanding of the methods of research, and a more general perception of 

the national importance of all forms of research, both in pure and applied 
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science; the more effective use of existing research funds; the establishment of 

research fellowships, research professorships, and research endowments. 

All reports of the National Research Council and of its committees are 
published in full in these PRocEEpINGSs, through which members of the 

separate committees may keep in touch with the work in progress in all its 

various fields. 

GrEoRGE ELLERY Hate, Chairman. 

NATIONAL RESEARCH COUNCIL 

REPORTS OF MEETINGS OF THE EXECUTIVE COMMITTEE 

The seventh meeting of the Executive Committee of the Research Council 
was held at the office of the Council, New York City, on December 18, 1916. 

Messrs. Carty, Chittenden, Conklin, Dunn, Noyes, Pupin, Stratton; Vaughan, 

Welch, and the Secretary were present; also Mr. M. T. Bogert, Chairman 
of the Chemistry Committee. 

The Secretary reported that the President of the Academy had appointed 

Howard E. Coffin, William M. Davis, and Franklin H. Martin, members of 

the Council; and that the Chairman of the Council had appointed R. H. 

Chittenden and R. A. Millikan members of the Executive Committee. 
A communication from the Chairman of the Council was presented stat- 

ing that the Massachusetts Institute of Technology, Yale University, the 
University of Chicago, Northwestern University, and Throop College of 

Technology, had appointed Research Committees, constituted as follows: 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Richard C. Maclaurin, president; John R. Freeman, Francis R. Hart, Everett Morss, 

A. D. Little, C. T. Main and Jasper Whiting, from the Corporation; Charles R. Cross, Harry 

M. Goodwin, Arthur E. Kennelly, Warren K. Lewis, Waldemar Lindgren, Arthur A. Noyes, 

Joseph C. Riley, George C. Whipple, and Edwin B. Wilson, from the Faculty; and George E. 
Hale and Willis R. Whitney, from the Alumni. 

YALE UNIVERSITY 

Arthur T. Hadley, president; Harry G. Day and John V. Farwell, from the Corporation; 

Ernest W. Brown, Russeli H. Chittenden, Treat B. Johnson, James F. McClelland, Ernest 

F. Nichols, and C. E. A. Winslow, from the Faculties; and Edwin M. Herr and William W. 

Nichols, from the Alumni. 

UNIVERSITY OF CHICAGO 

Harry Pratt Judson, president; Harold H. Swift, Julius Rosenwald, and Martin A. Ryer- 

son, from the Board of Trustees; R. R. Bensley, Thomas C. Chamberlain, John M. Coulter, 

Albert A. Michelson, Robert A. Millikan, Eliakim H. Moore, and Julius Stieglitz, from the 
Faculty; and Raymond Bacon and Frank B. Jewett, from the Alumni. 
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NORTHWESTERN UNIVERSITY 

James A. Patten, William S. Mason, Irwin Rew, and Theodore W. Robinson, from the 

Board of Trustees; Henry Crew (chairman), D. R. Curtiss, Phillip Fox, U.S. Grant, William 
A. Locy, A. B. Kanavel, A. I. Kendall, John H. Long, S. W. Ranson, John H. Wigmore, 

O. H. Basquin, Thomas L. Gilmer, and Arthur D. Black, from the Faculties; and Charles 

H. Mayo and W. C. Danforth, from the Alumni. 

THROOP COLLEGE OF TECHNOLOGY 

James A. B. Scherer, president; Arthur H. Fleming, George E. Hale, and Henry M. Robin- 

son, from the Board of Trustees; Walter H. Adams, George A. Damon, Robert A. Millikan, 

Arthur A. Noyes, R. W. Sorensen, Franklin Thomas, and Harry C. Van Buskirk, from the 
Faculty; and Joseph Grinnell and Frank B. Jewett, from the Alumni. 

It was voted to approve the organization of subcommittees in Chemistry 

as recommended by the Chemistry Committee, and to empower that com- 
mittee and the other science committees to establish and appoint subcom- 

mittees, at their discretion. 

The eighth meeting of the Executive Committee was held in New York 

City on December 27, 1916. Messrs. Carty, Conklin, Dunn, Noyes, Pearl, 

Vaughan, and Welch, and the Secretary were present. 
It was reported by Mr. Noyes that the Committee of One Hundred on 

Scientific Research of the American Association for the Advancement of 

Science had adopted on December 26 the following resolutions: 

Vorep that the Committee of One Hundred on Scientific Research of the American Asso- 
ciation for the Advancement of Science coéperate with the National Research Council in 

those research movements in which both organizations are interested; and, especially, in 

order to avoid the duplication of effort that might arise from individual action of the two 
groups of committees which have already been appointed in the different sciences, that the 

Committee of One Hundred of the Association codéperate with the National Academy of 

Sciences and the national scientific societies in the formation of single committees in the 

various branches of science. 
VotED that, in order to effect the codperation provided for by the previous vote, the Com- 

mittee of One Hundred on Research designate, through its chairman, members of the Asso- 

ciation to serve as members of the research committees of the National Research Council 

devoted to the various branches of science, with the understanding that these committees 

will in general consist of members designated in equal or approximately equal number ‘by 
the Association, the National Academy of Sciences, and the national scientific society repre- 

senting the branch of science involved. 

It was noted that, in response to the request of the National Canners Asso- 

ciation, the names of scientific men be suggested to the Association, who 
might be appointed by it as an advisory committee with reference to the 
investigations to be carried out on the toxic relations of canned foods. 

It was voted that the Agriculture Committee be constituted as recom- 

mended by the Chairman of the Committee, subject to the approval of the 

Secretary of Agrictlture in the case of those who are connected with the 

Department of Agriculture. 
ok 2 ale be. ao. 
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It was reported that the Alumni Council of the Massachusetts Institute 
of Technology had appointed a Committee for the Mobilization of Technology 
Resources, for the purposes of “stimulating research at the Institute, tabu- 

lating the various researches that have been or are being conducted by alumni, 

and suggesting, both to the alumni for their consideration and to the faculty 
as subjects for graduating theses, lines for experiment and research which 

should be of the greatest immediate value.” In addition to these research 

functions, this committee is to promote the participation of the alumni in 
movements relating to the national defense and the industrial development 
of the country. The committee has twenty-seven members, including an 

executive committee of five, consisting of I. W. Litchfield, Merton L. Emer- 

son, James P. Munroe, Raymond B. Price, and Charles A. Stone. The Exec- 

utive Committee of the Research Council had adopted at a previous meeting 

the following resolution expressing appreciation and willingness to coéperate 
with the Alumni Council: 

VoTep that the National Research Council express its appreciation of the proposed plan 

of the Alumni Council of the Massachusetts Institute of Technology for stimulating interest 

in research among its alumni and promoting the further introduction of scientific investi- 

gation in the industries with which they may be connected, and its willingness to codperate 

with the Alumni Council in any way that may prove desirable and practicable. 

The ninth meeting of the Executive Committee was held at the Smithsonian 

Institution in Washington on January 6, 1917. Messrs. Carty, Dunn, Noyes, 

Stratton, Walcott, Welch, and the Secretary were present; also, by invitation 

during the latter part of the meeting, Mr. H. E. Coffin and all the military 

members of the Research Council, namely, Messrs. William Crozier, J. D. 

Gatewood, W. C. Gorgas, R. S. Griffin, G. O. Squier, and D. W. Taylor. 

The Secretary presented a resolution adopted by the Associated Business 

Papers, Inc., endorsing the work of the Research Council and promising as- 

sistance in giving to its work proper publicity in the trade journals of the 
country. 

It was voted to appoint J. M. Clarke chairman of the Geology Committee, 

W. H. Holmes chairman of the Anthropology Committee, and E. H. Moore 
chairman of the Mathematics Committee. 

It was voted that the Military Section of the Council be hereafter known 

as the Military Committee its functions being further defined, when appro- 

priate, by adding the clause “For Governmental Research Requirements,” 

and that the committee consist of the six official representatives of the Army 

and Navy, of the other government appointees residing in Washington, of 
Mr. H. E. Coffin member of the Research Council and of the Advisory Com- 

mission of the Council on National Defense, and of such other persons as may 

be added by the Military Committee or the Executive Committee. C. D. 

Walcott, Secretary of the Smithsonian Institution, was elected chairman of 

the Military Committee; and (at a subsequent meeting of that committee) 
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S. W. Stratton, Director of the Bureau of Standards, was elected its secre- 

tary. It was voted that an appropriation of twelve hundred dollars, payable 

in monthly installments, be made for the use of the Military Committee for 

clerical work and other expenses, including the salary of a clerical secretary. 

Cary T. Hurcuinson, Secretary. 




